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PREFACE   TO   THE   THIED   EDITION. 

IN preparing this, the third edition of "Medical Ophthal- 
moscopy," the whole work has heen subjected to a revision 
sufficiently thorough to involve additions and alterations on 
almost every page and in almost every paragraph. An 
endeavour has been made to embody in it whatever of real 
value has been added to our knowledge, since the appearance 
of the last edition, and to present the facts to the reader in 
the aspect that they bear to the author, as viewed in the 
light of his personal experience. Accordingly, in many 
parts various statements have been not only added to, but 
recast in what will be found, it is hoped, a more practical 

form. 
The microscopic figures that were represented on photo- 

lithographic plates in preceding editions have been re- 
engraved as phototype blocks, and appear, in this edition, 
in the text of the work, in connection with the subjects to 
which they refer. Other ophthalmoscopic figures, prepared 
in the same way, have also been added. The eases that 
were described in full in previous editions have served their 
purpose, and the extended and extending use of the ophthal- 
moscope in medicine has made such facts as they illustrated 
familiar alike to physicians and students. Brief epitomes 
have, therefore, been substituted, and placed in relation to 
the facts that the case illustrates. Instead of these, an 
account is given of the most convenient procedure in draw- 
ing the appearances that are seen in the eye.    It is hoped 
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VI PREFACE. 

that these hints may, at least, have the effect of leading 
students to adopt a practice that will be found to be of 
great value, even beyond the subject to which it is 
applied. 

I have had, in this edition, the help of Mr. Marcus Grunn, 
who has conferred on the work the advantage of a final 
revision, and has also superintended its passage through the 
press. To his knowledge and care the reader is largely 
indebted. 

I may add the following extract from the preface to the 
first edition, published in 1879:— 

" With one or two exceptions all the cases described and 
figured were met with in the course of purely medical work, 
chiefly at University College Hospital, and at the National 
Hospital for the Paralysed and Epileptic.   In the preparation 
of the illustrations, great care has been taken to secure the 
utmost possible exactness.    The autotype plates are repro- 
ductions   of   sepia   drawings;   and  this  method   has  been 
chiefly employed because by it a more exact representation 
of delicate pathological appearances can be obtained than b}' 
chromo-lithography.    This method has also the advantage 
of fixing the attention on the changes of form, rather than 
upon the alterations  in  colour, which, important as  they 
are, very often  mislead  the inexperienced.    Chromo-litho- 
graphy has been employed for some subjects in which the 
changes   of   tint  are   of   predominant  importance.     It  is 
intended that the autotype plates should be studied by the 
aid of the descriptions prefixed to them, and it is believed 
that, thus examined, those who are accustomed to the use of 
the ophthalmoscope will not miss the absent colours.    With 
one or two exceptions," specified on p. 305, " the drawings 
were all made by the direct method of examination." 

W. E. GOWERS. 

50, QUEEN AXNE STREET, 

July, 1890. 
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MEDICAL   OPHTHALMOSCOPY. 

INTRODUCTION. 

THE ophthalmoscope is of use to the physician because it 
gives information, often not otherwise obtainable, regarding 
the existence or nature of disease elsewhere than in the eye. 
This information depends upon the circumstance that we have 
under observation—1. The termination of an artery and the 
commencement of a vein, with the blood circulating in each. 
2. The termination of a nerve, which, from its close prox- 
imity to the brain, and from other circumstances, under- 
goes significant changes in various diseases of the brain, and 
in affections of other parts of the nervous system. 3. A 
nervous structure—the retina, and a vascular structure—the 
choroid—which also suffer in a peculiar way in many general 
diseases. 

For the efficient use of the ophthalmoscope in medical 
practice, the student must be familiar with the use of the 
instrument; he must also be familiar with the normal 
fundus oculi, with the changes in its appearance (congenital 
and other) that are of no significance, and also with those 
that are ocular in origin, such as posterior staphyloma, 
glaucomatous excavation, and the like. An acquaintance 
with these must be gained from the ophthalmic surgeon 
before inferences can safely be drawn regarding the signifi- 
cance of other alterations met with in various diseases. 
The following pages assume the possession of a general 
knowledge of the use of the instrument, but a few words 
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Z MEDICAL   OPHTHALMOSCOPY. 

regarding some points which are of special importance may 
be of service. 

A first requisite in medical ophthalmoscopy is familiarity 
with the direct method of examination. The disc is then 
seen magnified many times; and this method may show 
minute changes of the highest significance, which cannot 
otherwise be detected, or the true nature of appearances 
which, seen by the indirect method, are obscure. But both 
methods should always be employed. Not only has each 
its special advantage, but the two together often give 
information which neither alone affords. 

Another requisite is skill in the examination without 
dilatation of the pupil. In most eyes much can be seen with 
the pupil undilated—often all that is necessary, and almost 
always enough to determine whether or not there is more 
to be learned by dilatation. The coincident paralysis of 
accommodation is a source of annoyance, and is especially 
resented by patients when there is no disease of the eye 
itself. If the sight has not been previously affected, it often 
happens that in brain diseases there is a subsequent failure 
of sight, due to changes, neuritis, atrophy, &c, which after- 
wards progressed. The failure of sight in such cases is 
often ascribed by the patient, not unnaturally, to the effect 
of the mydriatic.1 For the same reasons one pupil only 
should be dilated at a time, unless the sight of both eyes is 
already impaired. If it is a matter of indifference which is 
chosen, an eye, the sight of which is impaired, should be 
chosen in preference to the other. These disadvantages 
have been lessened by the use of other mydriatics than 
atropine, or by using eserine when the examination is over, 
to contract the dilated pupil. Homatropine, however, has 
largely superseded atropine as a dilator, since the paralysis 
of   accommodation  passes   off   in   a   few   hours,   and  the 

1 " If we use the ophthalmoscope, or if we use atropine, or if we apply a 
blister to the head, or adopt any new kind of treatment, the patient may 
blame us for his blindness, if he saw well before such procedures. A patient 
who reads the smallest print and supposes his sight to be good, may have 
double optic neuritis.    The use of atropine affects his sight for near objects 
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INTRODUCTION. 

dilatation of the pupil seldom persists more than a day. 
Cocaine is likewise a useful mydriatic, on account of the short 
duration of its effects, and from the facility with which they 
yield to eserine. Its use is particularly indicated where 
there is any danger of exciting increased tension in the eye- 
hall hy ordinary mydriatics. 

In making an examination with the ophthalmoscope, it is 
best to look at the eye first from a distance, in order to 
ascertain whether the red reflection from the fundus is clear. 
This at once gives information regarding the presence or 
absence of opacity of the lens or vitreous, or may reveal 
iritic adhesions—conditions which convey important informa- 
tion, and explain what would otherwise be a puzzling 
obscurity of detail. Next, the refraction of the eye should 
be roughly estimated by observing if the vessels of the retina 
can be distinctly seen from a distance, and, if so, whether 
they move in the same direction as <he observer's head 
(hypermetropia), or in the opposite direction (myopia). 
The knowledge of the condition of the eye thus gained is of 
much importance, since in myopia the details of the fundus 
appear, by the indirect method, small, and in hypermetropia 
they appear large. If necessary, the refraction may be 
more accurately ascertained by the use of a refraction 
ophthalmoscope : the lens needed to correct it, if the observer's 
refraction is normal, is the indication of the degree of error. 

It is frequently necessary to examine patients in bed. 
The indirect method of examination can be applied as 
readily to a patient in bed as to one sitting on a chair, the 

gravely, and if, from the advance of the neuritic process, what I may call 
retinal sight fails before the effect of the atropine has passed off, he very 
naturally blames us for the subsequent permanent affection of his sight. A 
patient, when asked how long his sight had been bad, replied, ' Only since 
the drops had been put in.' We must, then, when we discover neuritis, 
si<?ht being good, tell the patient that his eyes are not really good, and that 
we are anxious about his sight. Whether we give this warning or not, we 
shall be blamed by an unintelligent patient for 'tampering with his eyes.' 
We must however, act for our patient's good, regardless of selfish con- 
siderations. In very many cases we can see enough for diagnostic purposes 
without using atropine."—Hughlings-Jackson, Lectures on Optic Neuritis, 
" Med. Times and Gaz.," September 16, 1871. 
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MEDICAL   OPHTHALMOSCOPY. 

most convenient place for the light being on the pillow 
above the patient's head. Even in daylight little difficulty 
is experienced unless the pupil is small, but the examination 
is facilitated by a screen of some kind, even by the shade of 
an umbrella. The direct method presents more difficulty; 
a convenient position is at right angles to the patient, with 
the lamp on the opposite side of the patient's head. 

All who have employed the ophthalmoscope in medical 
practice will agree with Hughlings-Jackson in urging the 
routine use of the instrument in all diseases in which 
ophthalmoscopic changes are, even occasionally, met with. It 
often happens that unexpected information is gained regard- 
ing the nature of the disease, or its probable consequences. 

It has been remarked that the medical ophthalmoscopist 
should possess familiarity with those changes in the eye 
which are of purely ocular significance. It is of equal 
importance that he should be familiar with those con- 
genital changes in the eye which are of no significance. 
Many of these will be alluded to in describing the morbid 
appearances with Avhich they are most liable to be confounded. 
One or two, which give rise to special trouble to the 
beginner, may be here briefly mentioned. One of these 
is the variation in the colour of the optic disc. It has been 
well remarked that the tint of the optic disc may vary as 
much as the tint of the cheek. It is always redder in the 
young than in the old. In the latter the redness has often 
a grey tint mingled with it. In the young the tint may 
even be scarcely or not at all paler than that of the adjacent 
choroid. When the choroid is bright in tint, the apparent 
redness of the disc is increased by indirect examination with 
a wide pupil and a bright light, and is a very frequent 
source not only of error in diagnosis but of scientific mis- 
takes. It is the sharpness of the edge of the disc to which 
attention should be especially directed. 

When the physiological cup is very large, the vascular 
portion of the disc is confined to a narrow rim at the side, 
often much narrower than that shown in PL III. 1, which 
represents a large but not very large cup.    When the part of 
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INTRODUCTION. 

the disc occupied by the nerve fibres is reduced to, say, one- 
half of that shown in the figure, the fibres are so crowded 
together that the choroidal limit is often less distinct than 
normal, and the central white cup may be mistaken for the 
disc, the edge being regarded as part of the fundus. Know- 
ledge of this danger, however, will be sufficient to prevent an 
attentive observer from falling into this error; there is no 
confusion on direct examination. 

White patches near the disc, due to choroidal atrophy and 
to opaque nerve fibres, sometimes present puzzling appear- 
ances (Fig. 1). The recognition of choroidal atrophy by 
the greyish-white tint of the sclerotic, by the pigment 
disturbance, and by the comparative absence of change in 
the retinal vessels, is usually one of the first points 
learned. Now and then a narrow posterior staphyloma 
may surround, or almost surround, the disc, and its edge 
may be mistaken for the edge of the disc, which then ap- 
pears white with a red centre, an appearance with which I 
have known beginners to be much puzzled. (It is well to 
remember that posterior staphyloma may be seen occasionally 
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Fio. 1.—OPAQUE NERVE FIBRES, 

Surrounding optic disc, and concealing the vessels in that neighbourhood. 
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6 MEDICAL   OPHTHALMOSCOPY. 

in  hypermetropic  eyes,  as  well as in the myopic eyes, in 
which it is so common.) 

The white patches of opaque nerve fibres (such as are 
shown in Fig. 1) are characterized by their position, 
adjacent to the disc ; by the peculiar shape of the spot, 
which, if large, follows the course of the nerve fibres; by 
the partial concealment of the vessels; the feathery edge; 
and by the centre of the disc being commonly unconcealed. 
When a small patch lies near, but separated from the disc, 
the resemblance to an inflammatory exudation may be very 
close; the characters of its edge, and the absence of other 
changes, will usually enable its nature to be recognized.1 

Peculiar white films sometimes lie in front of the vessels 
on the disc, looking like fragments of tissue paper or white 
gauze, and allowing the vessels behind to be dimly seen. 
These may be left by a pathological process, but they seem 
to be occasionally congenital, and caused by an undue 
development of tissue at the back of the vitreous. When 
congenital, the vessels are merely concealed; when patholo- 
gical, they are constricted. In one case which came under 
my observation, a congenital film extended over the upper 
half of the disc, and ended on one side in a reflected edge. 

In considering what may be learned regarding the con- 
ditions of the general system by observation of the fundus 
oculi, it will be convenient to consider, in the first place, 
specially those intra-ocular changes which are of general 
medical significance, viz., the changes in the vessels and the 
circulation ; the changes, inflammatory and atrophic, in the 
optic nerve; and, more briefly, the alterations in the retina 
and choroid; and secondly, the changes which are met with 
in special diseases of the nervous and general systems. 

1 It is of great importance that the aspect of these opaque nerve fibres 
should be familiar. They sometimes give rise to curious errors in dia- 
gnosis. I was once taken to see a patient in whom a large and charac- 
teristic patch of this description was supposed to be of syphilitic origin, and 
to indicate that a cerebral affection, from which the patient was suffering 
was of the same nature. 
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PABT   I. 

CHANGES IN THE RETINAL VESSELS AND OPTIC 

NERVE OF GENERAL MEDICAL SIGNIFICANCE. 

THE  BETINAL VESSELS. 

IN  no other structure of the body are the termination of 
an artery and the commencement of a vein presented to view, 
and information regarding the general state of the vascular 
system is often to be gained from an inspection of their size, 
texture, and the conditions of the circulation within them. 
It must Toe remembered, however, that the vessels there seen 
are of very small size.    One of the primary divisions of the 
retinal artery, large as it appears to direct ophthalmoscopic 
examination, is in reality so small as to be scarcely visible to 
the unassisted eye, being less than the T^-th of an inch in 
diameter, and the smallest vessels visible with the ophthal- 
moscope are not more than the ytroth of an inch in diameter. 
But these,  it must   also  be  remembered,  are considerably 
larger than capillaries.    The retinal capillaries are always 
invisible, and, away from the optic disc, they are never so 
numerous as to occasion any recognizable reddish tint.    The 
red colour of the fundus oculi is due to the choroidal vessels. 

A second point to be remembered is that the red lines 
spoken of as the retinal arteries or veins are not the vessels 
themselves, but  the  columns of blood  within them.    The 
walls of the vessels are, as a rule, invisible ; they are always 
invisible to the indirect method of examination, but by the 
direct method the walls of the larger branches may be some- 
times seen, as fine white translucent lines along the sides 
of the red column of blood, most distinct where one vessel 
passes over another.    They are best seen by feeble illumina- 
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8 MEDICAL   0PHTHALM0SC0PY. 

tion, and especially by so moving the mirror as to render 
the illumination slight and oblique. Sometimes, as will be 
described immediately, the outer coat of the vessel is so thick 
as to be very conspicuous. 

The paler line which runs down the centre of each vessel 
is probably a reflection of  the  light  from  the  middle  of 
the anterior surface of the column of blood.    It is distinct 
only when the vessel lies in a plane at right angles to the 
line of  observation.    If  the  vessel, in  consequence  of  an 
antero-postenor curve, ceases to be in a plane at right angles 
to the line of observation, this central reflection is no longer 
visible, and the whole width of the vessel is of the same dark 
colour as the edge.    In the case of veins this change is very 
striking, and the greater amount of colour makes these por- 
tions appear darker in tint than the rest.*    Many examples 
of this will be found in the appended plates, as in I 4 II 
1, III. 2, 4, Y. 5, 6, &c. "   ' 

SIZE—In estimating variations in size of the retinal vessels 
allowance must be made for the refraction, i.e., magnifying 
power of the eyeball,  remembering  that, by  the  indirecl 
method of examination, in myopic eyes the details appear 
small,  while   in   hypermetropic   eyes   the   objects  appear 
arge.    In thedn-ect method there is less variation, because, 

for distinct vision, the myopic refraction requires correction 
by a lens     The apparent size of the disc may be taken as 
ihe guide to the amount of magnification.   There is no verv 
■exact method of estimating the absolute size of the vessels* 
Sometimes, however, the alteration is such as to be at once 
imdent and unquestionable.     A little custom will enable a 
distinct deviation from the normal to be readily recognized. 

* It is probable that such portions of the veins are especially dark   since 

<4<aii, is aescnoed m previous editions of this book. 
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CHANGES   IN   THE   RETINAL  VESSELS,   ETC. 

Special attention must be given to the number of primary 
branches of the vessel. It often happens that veins are thought 
to be pathologically large, merely because they are few. 

The relative size of the arteries and veins can be observed 
with more exactness than their absolute size. In comparing 
the two it is usually desirable to have the pupil dilated, 
since the vessels have often to be traced for a consider- 
able distance from the disc. A difficulty arises from the 
fact that the distribution of the arteries and veins corre- 
sponds approximately, but not exactly. Sometimes two 
arterial branches accompany one venous trunk : sometimes 
two veins accompany one artery. But in each eye there is 
usually at least one set of vessels which have a nearly 
identical course and distribution, run side by side, and are 
available for comparison. When this is the case it will be 
found that, as a rule, the width of the artery is about two- 
thirds or three-quarters that of the vein. An alteration in 
this relation may arise from a change in the size of the 
artery or of the vein. The change may be so considerable 
that its nature is at once evident: e.g., the veins may be 
obviously wider than normal, or the artery unquestionably 
narrower, perhaps visible as a mere line even by the direct 
method of examination (PI. IX. 4, XII. 2, 3). When the 
difference is slighter, we have to form an opinion as to the 
•change on which it depends (whether enlargement of vein or 
diminution of artery) by our knowledge of the normal size of 
the vessels—an approximate absolute estimation. A little 
familiarity with the appearance of the vessels under normal 
conditions will commonly enable an opinion to be formed as 
to the direction in which the change exists. 

Equality in size of the artery and vein is usually due to 
dilatation of the artery. When the relative size of the artery 
is smaller than that given (| or f) it is generally due to 
one of three causes: (1) Venous distension, general or 
local; (2) Imperfect filling of atonic veins, in consequence 
of which they are- flattened at right angles to the line of 
observation : (3) Contraction of the arteries, which may occur 
from  general anaemia  (in which case  the veins are  large 
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10 M EDICAL   OPHTHALMOSCOPY. 

and atonic) or from primary arterial contraction, as sometimes 
in Bright's disease (in which the veins also are commonly 
small), or from local obstruction to the entrance of blood. 

Feim.—Increased width of  the veins, therefore, usually 
means their dilatation, either from distension or from atony, 
and  this effect is commonly uniform.    The central reflec- 
tion is preserved in normal characters.    A varicose   condi- 
tion   has been   observed in a few cases, but is of doubtful 
significance.    A remarkable  example of moniliform dilata- 
tion  has been  figured  by  Liebreich   in   his   Atlas.    The 
distension may be part of a general venous   fulness, as in 
cases   of cardiac or pulmonary obstruction; or   it   may be 
of local   origin.    Increased  intra-cranial  pressure  of  rapid 
development, probably causes at least a transient increased 
fulness   of  the  retinal veins.    When  of slow development, 
this  effect  is   rare,   in   consequence   of the anastomoses of 
the orbital and facial veins.    Thus  the veins may become 
large in   acute,   and  not  in   chronic,   hydrocephalus.    The 
same effect  may be, it  is  commonly  believed, the  conse- 
quence   of   distension   of the sheath of the nerve, and  of 
pressure   within   the   sclerotic  ring.     The   former  will   be 
considered in connection with neuritis; its precise influence 
is difficult to estimate.    The influence of the rigid sclerotic 
ring cannot be regarded as demonstrated beyond question. 
It is said to intensify the effect of an obstruction, but the 
evidence is hypothetical.    A very efficient cause of disten- 
sion  of  the   veins  is  their  compression  by inflammatory 
products   within   the   optic   papilla.    Extreme   distension 
occurs also in cases of  thrombosis  in  the   central   vein   of 
the retina behind the globe. 

Increased width of vein, however, does not necessarily 
imply over-distension. A vein which is underfilled may 
present an increased width. Usually, if the quantity of 
blood within a vein is less than normal, its contractile power 
enables it to adapt itself to the diminished bulk of the 
contents; it retains its cylindrical form, and both appears 
and is narrower. But in states of anaemia, the atony of the 
vein may prevent it from following the contents in calibre, 
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CHANGES   IN   THE   RETINAL   VESSELS,   ETC. 11 

and retaining the cylindrical form. It may then have a more 
or less elliptical lumen (the same circumference enclosing a 
smaller area as an ellipse than as a circle), and in the retina, 
in consequence of the intra-ocular pressure, the flattening 
always takes place in the plane of the retina, at right angles 
to the line of vision, and the vein appears of undue width. 
At the same time the central reflection is altered, hecoming 
commonly indistinct, but sometimes unduly broad. 

This condition of the veins is seen especially in extreme 
amemia, and in leucocythsemia, as in the accompanying 
figure (see also PI. XI. 1 and 2). In these cases the arteries 
are usually smaller than normal, and so the contrast between 
the veins and arteries is enhanced. 

Diminution in the size of the veins is probably always the 
result of diminished supply of blood. 

The arteries may be diminished in size by causes similar to 
those which lead to increased width of the veins, such as 
local obstruction to the entrance of blood.    The latter does 

S, 
«... 

FIG. 2.—BROAD RETINAL VEINS AND NARROW ARTERIES. 

From a case of leucocytkaemia. 
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12 MEDICAL   OPHTHALMOSCOPY. 

not  appear  to  result from general intra-cranial  pressure, 
probably because   of  the  resistance afforded by the strong 
walls of the arteries.    It is doubtful whether effusion into 
the sheath of the nerve is capable of diminishing the blood 
supply.    It  is   certain,  however, that   the   pressure of  in- 
flammatory products within the papilla, and especially their 
cicatricial contraction, may cause sufficient constriction of the 
artery to   lead  to   a   great diminution   in   the   size   of  its 
branches.    Haemorrhage around the vessel, or the pressure 
of growths, may  have the same effect.    Iu no  condition, 
however, does the diminution in the size of the vessel reach 
such a degree as in obstruction by embolism   (PI. XII. 2 
and 3).    General underfilling of the arterial system, as' in 
cholera, may lead to a great diminution in the size of the 
arteries, their strong muscular coat maintaining their adapt- 
ation to the blood within them.    Mere atony does not cause 
the increase in width in the arteries which is observed in the 
veins, because  persistent spasm of  the arteries  is capable 
of causing a permanent diminution in their  size.    I have 
repeatedly observed  this  narrowing, especially in cases   of 
Bright's disease, in the branches beyond the disc.    It reaches 
its  height when  papillary obstruction  is  superadded, and 
then a degree of diminution in the size of the arteries may 
be seen, rarely if ever observed in obstruction from neuritis 
without kidney disease (see PI. IX. 3 and 4).    Two remark- 
able cases observed by Eamorius suggest that spasm of the 
retinal arteries may be a consequence of malarial poisoning 
(see Part. II, "Malarial Fevers"). 

Dilatation of the arteries is due to a vasomotor influence, 
and is conspicuous in some cases of exophthalmic goitre, in 
which over-action of the heart is superadded. It is doubtful 
whether the latter cause alone ever produces visible dilatation 
of the retinal vessels. 

ARRANGEMENT.—The anatomical arrangement of the 
vessels varies considerably in different individuals, and is, 
in itself, of little medical significance. The number of 
branches  into which  the  primary trunk  divides,  and the 
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CHANGES   IN   THE   RETINAL   VESSELS,   ETC. 13 

number of tributary veins, should be noted in connection 
with the apparent size of the vessels. There is one point, 
however, which does possess indirect medical significance. 
The general arrangement of the vessels in the two eyes is 
usually similar. Moreover, similarity in vascular arrange- 
ment may be inherited. I have seen, for instance, a 
peculiarity in the course of the retinal vessels in a mother 
exactly reproduced in the eye of her daughter. This is a 
striking proof of the transmission of vascular arrangement 
in general; upon this depends the vascular strain, and, in 
part at least, the occurrence and locality of vascular degene- 
ration, and even of vascular rupture. Thus, inspection of the 
retinal vessels suggests to us one way in which a tendency 
to cerebral haemorrhage, or softening, from atheroma, may 

be inherited. 

COURSE.—The course of the retinal vessels usually pre- 
sents few tortuosities, and those which exist are lateral, 
in the plane of the retina. A considerable increase in 
tortuosity may be associated with a naevus of the adjacent 
part of the skin.1 The arteries are rather more tortuous in 
hypermetropic eyes than in others. "When the vessels are 
elongated by their distension or atony, these lateral curves 
are exaggerated. Antero-posterior curves, at right angles to 
the plane of the retina, are indicated by the change in the 
central reflection already mentioned, by the relative displace- 
ment of parts at different levels on movements of the ob- 
server's head, and sometimes by slight obscuration of the 
vessel at the lowest point of the curve. They always indi- 
cate irregularities in the retina in which the vessels lie, 
commonly swelling, as in retinitis and retinal oedema. 

STRUCTURAL CHANGES.—Most changes in the tissue of 
the retinal vessels are visible only to the direct method of 
examination.    The commonest change is an increase in the 

1 See Allen Sturge in " Clin. Soc. Trans.," vol. xii. 1879, p. 162. For cases 
of idiopathic tortuosity of retinal vessels, chiefly affecting the veins, sec Benson, 
"Trans. Ophth. Soc," vol. ii. p. 55; Nettleship, ibid. p. 57; Stephen 
Mackenzie, ibid. vol. iii. p. 101 ; all with accompanying drawings. 
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14 MEDICAL   OPHTHALMOSCOPY. 

amount of tissue of the wall, especially of the  outer coat, 
so that the  red   column  of  blood is  bounded  by distinct 
white ^ lines.     Such  an   appearance   may be   seen in most 
cases in the healthy fundus near the centre of the disc.   At 
the point at which the vessels emerge from the disc they 
are, the arteries especially, often surrounded by this white 
tissue, sometimes like a little cloud upon them, and from it 
prolongations may be traced along the chief vessels.    When 
a vessel curves over the edge of a hollow central cup, and is 
seen foreshortened, the white tissue of the wall often appears 
as a rmg around the blood-column.    When a disc is very full 
coloured, whether normally or from pathological causes, this 
white tissue is rendered by contrast very conspicuous, and 
may easily be mistaken for a pathological condition (PL I. 
2).    The difficulty is increased by the circumstance that it is 
sometimes a morbid appearance, left by preceding inflamma- 
tion.    In this case, however, it is usually accompanied bj 
distinct constriction of the vessels, and it often extends along 
them beyond the limits of  the disc.    It has been thought 
that this tissue is sometimes a result of chronic congestion of 
the disc, insufficient to cause such an " exudation " as shall 
distinctly constrict  the vessels.    This   is   possible,  but   the 
condition  is  so   common  without  either congestion  or in- 
flammation,   that  the   presence   of   this   appearance  alone 
deserves little weight. 

An undue visibility of the wall of the vessel is said to be 
sometimes caused by a " sclerosis " of the middle coat, a con- 
dition of thickening of the coat which, under the microscope 
bears considerable resemblance to the appearance presented 
by lardaceous degeneration. 

In very rare cases, there is such a thickening of the outer 
coat of the vessel, or an increase in its perivascular sheath, 
that the tissue is visible, not merely at the sides of the vessel 
but in front of it, concealing the red reflection from the 
column of blood within it, and broad white bands then in- 
dicate the position and course of the vessel. These bands 
may cease suddenly, so that lengths of red blood may alter- 
nate with the white bands.    This condition has been seen 
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CHANGES   IN   THE   RETINAL   VESSELS,   ETC. 15 

in Bright's disease, and a well-marked example is shown in 
PL XII. Kg- 1; it is then perhaps similar to the fibroid 
thickening around the vessels found in other organs. Some- 
times a vessel may be narrowed at the affected area; more 
commonly its calibre is unaffected. In the case figured it is 
seen to affect the arteries only. 

In most inflammatory conditions, leucocytes accumulate 
in the perivascular sheaths, and in the retina they may give 
rise to an appearance similar to that just described; this has 
been termed " perivasculitis." According to Liebreich, by a 
careful comparison of the relative width of the column of 
blood and of the white band, an opinion may be formed of 
the position of the new tissue, whether in or outside the wall 

of the vessel. 
Patty degeneration of the vessels is sometimes met with 

as a senile change, or after inflammation. It affects chiefly 
the outer coat, but has only been recognized by microscopical 
examination, and there is doubt whether it can be detected 

during life. 
In senile fatty degeneration of the outer coat of the retinal 

vessels, calcification of the degenerated portion has been 
found after death. Actual atheroma—*,«., endarteritis de- 
formans—has not, so far as I am aware, been found in the 
retinal vessels after death ; and in cases in which it is well 
marked elsewhere I have often looked for appearances in the 
retina suggesting its existence, but without success. The 
retinal arteries are far below the size in which atheromatous 
changes are common. They have been said to present undue 
tortuosity in this condition.1 

ANEURISM.—The retinal arteries are occasionally the seat 
of aneurismal dilatation. Instances of it are, however, rare, 
probably on account of the support which is afforded to 
the vessels by the vitreous humour. When aneurism does 
occur, its significance is important, because in no other way 
can the existence of aneurisms on vessels so small as those of 

i Concerning so-called "Arteritis obliterate," see Fiiratner,  " Centralbl. 
f. Nervenkr.," 1882, and "Centralbl. f. Augenheilk.," 1882, p. 509. 
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16 MEDICAL   OPHTHALMOSCOPY. 

the retina be ascertained. Dilatations of such small vessels 
are commonly not associated with aneurisms on large arteries, 
but when minute aneurisms exist in the retina they almost 
always exist also in the small arteries of other organs. 

Two forms of aneurisms have been observed : (1) aneurisms 
of some size on the primary branches of the central artery 
on the disc: (2) miliary aneurisms of the arterial twigs in 
the retina, and of the small capillary vessels. 

(1). Very few instances of the larger aneurismal dilatations 
are on record. One, which was described by Sous,1 occupied 
the upper two-thirds of the disc, was oval in form, and pre- 
sented distinct pulsation, synchronous with the radial pulse. 
The arterial branches in the retina were very narrow. The 
patient was a woman, aged sixty-four.    ' 

(2). Miliary aneurisms were found post mortem by Liou- 
ville,2 in cases in which cerebral haemorrhage resulted from 
the rupture of similar aneurisms in the brain.    The largest 
was about the size of a pin's head; they were chiefly situated 
at   the  branchings of the  vessels.    In one case they were 
widely distributed  through the body, being found on the 
minute arteries of the  pericardium, mesentery, &c.    They 
are   frequently found   in   glaucomatous eyes.    I have seen 
them  during  life  on  small  arteries in   a case of Bright's 
disease, in  which there was extensive cardiac and vascular 
disease (PI. XII. 1).    The lower branch of the artery is seen 
to ^ present three globular dilatations in its course, the third 
being just in front of a narrowed segment.    The general 
characters of these aneurisms are there seen.    The central 
reflection of the artery is widened at the dilatation in accord- 
ance with the altered surface of the blood within the vessel. 
The wall of the aneurism is, of course, invisible, just as is 
the wall of the vessel elsewhere ; its existence is declared by 
the change in the form of the column of blood.    Bouchut3 

has figured two examples of a series of fusiform dilatations 
of the retinal arteries in general paralysis of the insane.   His 
figures, however, suggest considerable exaggeration. 

1 "Ann. d'Ocul.'1 1865, liii. p. 241.      "- " Comptes Rend." 1870, lxx. p. 498. 
3 "Atlas d'Ophtalmoseopie Medicale et Cerebroscopie." 
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CHANGES   IN   THE   RETINAL   VESSELS,   ETC. 17 

The recognition of these mimite arterial aneurisms presents 
little difficulty.. The contours of the arteries must be fol- 
lowed from the disc to the ora serrata by the direct method of 
examination. A twist in a vessel may cause the appearance of 
a local bulging which may look like an aneurism, but a care- 
ful examination will prevent error. Minute haemorrhages in 
the course of the vessels can be readily distinguished from 
aneurisms by the irregularity of the outline of the clot. 
Aneurisms, as a rule, contain fluid blood, and present a bright 

central reflection, which 
is absent in the extra- 
vasation. It must be re- 
membered, however, that 
a miliary aneurism has 
been found surrounded 
by a halo of extravasa- 
tion.. The centre of any 
haemorrhage situated at 
the bifurcation of a vessel 
should therefore be care- 
fully scrutinized. A very 
rare condition has been 
figured by Galezowski, 
which might easily be 
mistaken for multiple 
sacculated aneurisms ; it 
consists of numerous mi- 
nute secondary glioma- 
tous growths, connected 
with the retinal arteries.. 

Some, however, were of large size, and unconnected with 
the vessels, and none presented any visible reflection.1 

1
 In the " Trans. Ophth. Soc," vols. iii. p..108, and vi. p. 336, a striking 

instance of aneurismal dilatations of retinal arteries and veins is recorded by 
Story and Benson. The case affords a valuable illustration of the manner in 
which aneurisms may result from damage done to the walls of small vessels,, 
by an inflammation of the walls as part of a general inflammation of the 
structures in which the vessels lie. The history of the case is unfortunately 
defective, but it is possible that the primary affection of the retina was 
syphilitic, and syphilis is known to be a cause of aneurisms of the cerebral 
arteries. 

FIG. 3.—CAPILLARY ANEURISMS,  AND 
VARICOSE CAPILLARIES. 

a—e From a case of diabetes with retinal 
haemorrhages (from preparations by Mr. 
Nettleship). At a, I, and c the aneurisms 
are situated laterally, at. c in the course 
of a capillary, and at d at the bifurca- 
tion of a vessel ( x 150). /, Varicose 
capillaries from a case of liright's dis- 
ease ( x 150). 
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18 MEDICAL   OPHTHALMOSCOPY. 

The retinal capillaries may present aneurismal dilatations 
sacculated in form, and also varicose dilatation. Examples 
of these are represented in Fig. 3, from a case of glycosuria 
described by Dr. Stephen Mackenzie.1 Haemorrhages into the 
retina and vitreous were observed during life. Capillary 
aneurisms, from a case of Bright's disease, are also shown in 
the same figure. 

CHANGES IN THE CIRCULATION. 

The  central artery of the retina brings blood to the eye 
from within the cranial cavity ;   the mood comes from  an 
artery which   also supplies   part of  the cerebrum and me- 
ninges : the retinal vein returns the blood chiefly to a cranial 
sinus.    Hence the intra-ocular circulation has been regarded 
as a portion of the cerebral circulation, as participating in 
the same influences, and presenting the same modifications. 
This is, no doubt, true to some extent.    At the same time 
it is probable that the consequences of the common origin of 
the cerebral and ocular blood-supply have been exaggerated. 
It is important to bear in mind that the intra-ocular circula- 
tion is peculiar in its rigid enclosure in a small chamber, 
in which it is always exposed to a certain amount of elastic 
pressure.   Moreover, the anastomosis between the orbital and 
facial veins tends to prevent a close correspondence between 
the intra-cranial and intra-ocular veins.      The relation be- 
tween the cerebral and ocular circulation is unquestionably 
greatly modified by these and other influences. 

PULSATION.—Arterial.—As a rule, before reaching arteries 
so small as those of the retina, the pulse-wave has become so 
feeble, the current so equable, that visible pulsation can no 
longer be perceived. The pulsation is also diminished by 
the normal pressure within the eye ; this, in giving support to 
the retinal vessels, necessarily lessens their distension. If, 
however, the current be rendered less equable by an increase 
in the disproportion between the continuous flow and the 
intermitting wave, arterial pulsation may sometimes be 

3  "Ophth. Hosp. Rep.," December, 1877. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



CHANGES   IN  THE   RETINAL   VESSELS PULSATION. 19 

perceived. Locally, this disproportion may be increased by 
a change in the intra-ocular tension : thus a temporary 
distinct arterial pulsation usually results from the artificial 
production of increased tension by pressure on the globe 
with the finger. Again, a diminution of intra-ocular tension 
may, perhaps, sometimes occasion visible arterial pulsation.1 

In conditions of acute anaemia from haemorrhage, the 
continuous flow of blood into the small vessels may be 
feeble, and the pulse-wave then becomes distinctly visible.2 

But it is especially when the pulse-wave is increased in 
strength and suddenness that it becomes visible in the retinal 
arteries. This increase is developed in aortic regurgitation, 
and in that condition spontaneous pulsation of the retinal 
arteries is especially frequent, as Quincke,8 Becker,4 and Fitz- 
gerald,6 first pointed out. It is more distinct, the greater 
is the hypertrophy of the left ventricle, and is absent only 
when the heart is greatly weakened, when much aortic con- 
striction coexists, or the amount of regurgitation is small. It 
may be seen best in the vessels on the disc, but can often be 
recognized far towards the periphery of the retina, and in 
this latter respect is distinguished from the pulsation due to 
mere increase of intra-ocular tension. It consists, like the 
pulsation of other vessels, in a widening and an elongation. 
The widening is best seen behind a division at a considerable 
angle, and is best recognized by attending to the central re- 
flection. The elongation of the vessel is best seen where an 
artery lies in an S curve, especially towards the periphery, 
or when it forms a curve along the edge of the disc (Becker). 

1 Such a diminution is said sometimes to occur in the course of typhoid 
fever, and pulsation has been observed in the retinal artery in this disease by 
Schmall. See "Retinal Circulation and Arterial Pulse in General Disease," 
" V. Graefe's Archiv.," xxxiv. 1, p. 37, and " Oph. Rev.," 1888, p. 268. 

2 An arterial pulse has also frequently been observed by Schmall in cases 
of chlorosis. Here, as in anaemia generally, Rahlmann ascribes the pulsation 
to hydramia, but Schmall considers it due to " a certain amount of cardiac 
contraction, combined with sudden relaxation of the heart muscles, occurring 
in certain states of low arterial tension."    {Op. cit.) 

3 " Berlin Klin. Wochenschr.," 1868, No. 34, and 1870, No. 21. 
4 "Arch. f. Ophth.,"xviii. 206—296. 
5 "British Med. Journal," Dec. 23, 1871, p. 723. Dr. Stephen Mackenzie 

has also recorded several cases (" Med. Times and Gaz.," 1875, vol. i.). 
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20 MEDICAL   OPHTHALMOSCOPY. 

In a case of supposed aneurism of the arch of the aorta, Becker 
found marked pulsation in the left eye, while in the right 
only a trace of pulsation could with difficulty be detected. 

Pulsation in an extreme degree appears to be sometimes 
physiological. It was present in a man under my care who 
had also a very faint diastolic basic murmur but no hyper- 
trophy or dilatation of the left ventricle, so that there was 
certainly not enough aortic regurgitation to account for the 
pulsation. A capillary pulse could readily be obtained in 
the forehead. The increased pulsation seemed to be in the 
small arteries only, since at the wrist, even when the arm was 
raised, the artery had the normal pulse-characters. In the 
eye, pulsation was conspicuous in both arteries and veins, 
and slight pressure on the globe increased it to such an extent 
that some veins on the disc, of full size in the diastole, actually 
disappeared at each systole. Moreover, the diastole of the 
arteries corresponded to the systole of the veins, and the 
pulsation in the latter must therefore have been due to the 
mechanism to be presently mentioned. 

Capillary pulsation has been described in aortic regurgita- 
tion—a pulsatile redness of the disc—due to the intermitting 
distension of the capillaries in consequence of the great fall 
of pressure between the successive pulses. Such an appear- 
ance is, however, very rare, and can seldom be detected even 
when a pulsatile blush is visible on the forehead. 

Venous.—Pulsation in the retinal veins may frequently 
be observed as a normal condition, chiefly in the large 
branches upon the optic disc,1 especially where the veins 
curve down the sides of the cup. It is almost constant in 
aortic regurgitation, and is much more frequently con- 
spicuous in this disease than the arterial pulse. 

Several explanations have been given of the venous 
pulse. The theory which is, perhaps, the most plausible 
explains the pulsation by supposing that where the artery 
and vein are near together, in the sclerotic ring  or optic 

1 Messrs. Lang & Barrett found a venous pulse on the disc in 73*8 per cent. 
of the eyes examined by them at Moorfields. " Ophth. Hosp. Rep " vol xii 
p. CO. ' 
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nerve, the arterial distension compresses the vein and 
causes a temporary obstruction to the return of the hlood. 
The nearer the two are, the more readily will this effect he 
produced, and the more slight a morhid increase needs to he 
for the artery to transmit an inverse pulsation to the vein. 

Coccius suggested that the venous pulse depends directly 
on the intra-ocular tension, heing analogous to that which 
occurs  in  glaucoma, and may he  produced  artificially by 
pressure   on   the   eyeball.      Every   time   the   pulse-wave 
reaches  the  intra-ocular arteries, their distension  causes   a 
sudden increase  in the  intra-ocular   tension,   which   com- 
presses most  the thinner   walled   veins,  and   lessens   the 
amount of blood in them.    Hence the contraction of the 
veins   should  correspond   to   the   arterial  diastole,  to the 
pulse-wave, and the dilatation of the veins to the arterial 
systole,  to  the  interval   between the  pulse-waves.    As   a 
rule, however, this   is   not the case :   the distension of the 
veins   nearly   corresponds in  time   with   the   arterial   dis- 
tension.     Hence, Stellwag   von   Carion   imagined that the 
extension   of   the  sclerotic  by   the   increased   intra-ocular 
pressure at each pulse   stretches   the   lamina   cribrosa, and 
narrows its meshes so as to compress the vein. 

According to Donders, the increased intra-ocular pressure 
acts directly on the venous trunks in the optic disc, 
hindering the return of blood. Similarly, Jacobi, on the 
grounds of the common limitation of pulsation to the 
papilla, suggests that the increased intra-ocular pressure, 
depressing the papilla, augments the curve of the veins, 
and   so   causes   a   sudden   obstruction   to   the   circulation 

through them. 
Helfreich, on the other hand, considers that the venous pulse 

is due to a pulse in the cerebral veins, grounding his opinion 
on experiments that show the tension in these to be high, 
and that they pulsate. He states that the venous pulsation 
is synchronous with the cardiac diastole, and that it is seen 
only on the disc, because of the firmer support of the veins 
away from   the   disc.1     It  has, however, been   mentioned 

> Ophth. Congress, Heidelberg, 1882, and "Ophth. Review," 1882, 

p.  408. 
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(p. 18) that the physical conditions in the eye are not 
exactly similar to those in the brain. Helfreich's theory 
seems to account for the coincidence of arterial swelling 
and venous swelling, but so also does the juxtaposition of 
the arteries and veins within the sclerotic ring mentioned 
above. If Helfreich's theory be correct, should not the 
pulsation be an invariable thing ? 

Putnam and Wadsworth (of Boston, U.S.A.) have 
described1 an intermitting variation in size of the retinal 
veins, occurring independently of the pulsation, synchronous 
with the heart's action, and having a period of about 
five respirations, i.e., about that of the variations in arterial 
tension found to occur in animals. Their observations have 
not yet been confirmed. 

ANJEMIA OF THE RETINAL VESSELS may be part of general 
anaemia, or may be due to local pressure upon the artery, 
and transient anaemia is probably sometimes due to the 
vasomotor nerves. 

When due to local causes ("retinal ischaamia" of the 
Germans) there is usually simultaneous pressure on the 
retinal vein, which runs side by side with the artery. The 
arteries are then unduly narrowed; whether the veins are 
distended or not depends on the rapidity or slowness with 
which the obstruction is developed. This condition is 
constantly seen during the contraction of inflammatory 
tissue in the papilla. In rare cases, in which the 
pressure is on the artery immediately after its entrance 
into the optic nerve, and behind the vein, which enters a 
little in front of the artery, the arteries may be narrowed 
without any distension of the veins. 

Spasm of the retinal vessels has been supposed to occur 
in epilepsy, and also to be the cause of " retinal epi- 
lepsy," i.e., epileptiform amaurosis. I have examined the 
retina in many cases of epilepsy immediately after fits 
without observing any marked change in the arteries. 
During several epileptiform convulsions, I have kept an 
artery and vein in view throughout the fit, by the direct 

1 "Journal of Nervous and Mental Disease," October, 1878. 
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method of  examination, but have seen   no change in  the 
artery.    The vein was distended during the cyanotic stage. 

General defective blood-supply is much less evident in the 
vessels of the eye than elsewhere :   probably because  the 
infra-ocular tension effects a regulation of the  size   of the 
retinal vessels (Donders).    Loss of blood, for instance, causes 
but a slight change in the retinal vessels, except an increased 
disproportion between the arteries and the veins, due in part 
to   contraction of the  arteries,  and in part to   atony  and 
flattening of   the underfilled veins.    The effect of haemor- 
rhage on the size of the vessels soon passes off, because the 
volume of the blood is quickly reproduced by the passage 
into,  and  retention in   it,  of liquid from  the   tissues and 
alimentary canal.1    A similar condition of the retinal vessels 
to that seen in acute anaemia was observed by v. Grraefe in 
cholera.    During the stage of collapse the arteries became 
narrow, the veins dark, but of normal width.    Spontaneous 
pulsation appeared in the arteries, and was attributed to cardiac 
weakness, but may, perhaps, have been due to the diminution 
of the  volume of the blood, rendering the amount ejected 
from the left ventricle at each systole so small that the shock 
(pulse-wave) predominated over the movement of the blood. 

The acute cerebral anaemia of syncope is probably attended 
by a similar condition of the retina, and to it the transient 
blindness which sometimes succeeds syncope may be due. 

Conditions of general defective blood-supply render the 
disc paler, but the variations in the tint of the disc, under 
physiological conditions, are so great that it is only by com- 
parison of the state of the disc with its appearance in the 
same patient at another time, that any information can be 
gained from it. The other eye is usually affected in the 
same degree, and is not, therefore, available for comparison. 

1 In some observations on the effect of venesection in the corpuscular 
richness of the Hood, kindly made for me by Mr. W. S. Tuke, on some 
patients of Mr. Wharton Jones, it was found that the fall in the number of 
blood-corpuscles indicating the dilution of the circulating blood to reproduce 
its volume, took place in the course of an hour. It was found also that the 
fall was greater than the amount of blood lost could account for—i.e., that 
the hydramiia became for a time excessive, a fact which may account for the 
reputed influence of slight, quick loss of blood. 
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HYPERJEMIA OF THE EETINAL VESSELS.—(A.) Active Con- 
gestion.—Apart from the active congestion of   commencing 
inflammation and of purely ocular conditions, such as refrac- 
tive asthenopia, and exposure to excessive light, &e. (which 
are  not  considered here), an increased supply of   blood to 
the retina may be due to whatever causes an overfilling of 

-the whole or part of the arterial system of which the retinal 
artery forms part.    Of these, excited action of the heart is 
the most potent.    The retinal arteries may be seen to be 
large, and   sometimes, though  rarely, to   pulsate,   and the 
communicated   pulsation   in   the  retinal   veins   may  also, 
commonly,  be   observed.     When   the  overaetion   is   long- 
continued, haemorrhages  may occur.    A similar overfilling 
may occur from obstruction in another region of the internal 
carotid.    Dilatation of the arteries, as in exophthalmic goitre, 
may also cause active hypersemia. 

(B.)    Passive Congestion.—Vassive congestion of the retinal 
vessels may occur from local or general causes.    The causes 
of local obstruction to the return of blood from the eye are, 
for the most part, the same as those of local arterial anaamia.' 
The most intense passive congestion ever seen is met with in 
thrombosis of the retinal vein.     Pressure on the cavernous 
sinus only causes transient passive congestion of the retinal 
veins, on account of the free connection of the orbital and 
facial twigs.    Passive congestion from general causes is very 
common, and results from whatever hinders the return of the 
blood from the head, or obstructs the circulation through the 
chest.    The congestion of the eye is thus part of a cephalic 
congestion, or of a general venous stasis.     The former com- 
monly results from pressure on the jugular or  innominate 
veins.      The  general congestion is the result of some pul- 
monary or cardiac obstruction, acute or chronic.    The com- 
mon acute causes are—cough,  effort,  and an epileptic  fit. 
The ophthalmoscope shows the retinal veins in these condi- 
tions to be greatly distended.    Unless, however, there is also 
disease  of  vessels, hemorrhages  rarely occur, no doubt in 
consequence  of the support afforded  to  the  vessel  by the 
vitreous humour.     The intra-ocular tension, and  therefore 
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the external support, is probably augmented during these 
conditions of increased strain, in consequence of the fulness 
of the capillary vessels. It is true that the most intense con- 
gestion, such as that of suffocation, sufficient to cause death, 
does usually lead to retinal haemorrhages, but minor degrees 
of congestion rarely do so unless the vessels are diseased. It 
is very common, for instance, for a violent cough, or an 
intense asphyxial stage of an epileptic fit, to cause rupture of 
a subconjunctival vessel, and a consequent extravasation, but 
it is extremely rare for any retinal vessel to give way. I 
have often, in such cases of epilepsy, searched the retina for 
extravasation, but the search has always been unsuccessful. 
In whooping-cough, retinal extravasations have been seen 
only in extremely rare cases. 

Chronic general causes of passive congestion are chiefly 
heart disease (especially mitral) and emphysema of the 
lungs. In the general venous distension of congenital heart 
tliseaSe—cyanosis—the retinal vessels participate, often con- 
spicuously. The venous distension may be extreme, and may 
be accompanied by normal arteries, or the arteries may be 
also large. The blood in the arteries and veins may be 
abnormally dark. Sometimes the retinal tissues are thickened. 
The congestion from emphysema of the lungs, and from 
dilatation of the right heart, is also often very marked. 
The retinal veins become much distended and tortuous, 
and the smaller branches, ordinarily invisible, may become 
conspicuous. 

HAEMORRHAGE.—Eupture of retinal vessels and consequent 
extravasations of blood are very common in many morbid 
states, and are frequently of important general significance. 
They may occur as part of inflammation of the retina, and 
such cases will be considered subsequently. More frequently 
they are dependent directly on general conditions, or on retinal 
disease consequent on general conditions. 

They vary much in size, number, position, and aspect. 
They may be so small as to be visible only as a spot or line 
on direct examination, or they may be three or four times 
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' 

tlie diameter of the optic disc.    There may be only one or 
two, or innumerable extravasations may exist over the whole 
fundus.    When few they are commonly seated near the disc 
or in the neighbourhood of the macula lutea; when numerous, 
the largest are often situated near the macula.    They often 
follow the course of vessels,  especially the veins, but  not 
unfrequently the arteries.    Their shape and  aspect  depend 
very much on their position in the substance of the retina, 
The commonest seat is in the layer of nerve fibres.   The fibres 
are separated, not torn, by the extravasation, and the blood 
lies between them, extending along their course in the direc- 
tion of least  resistance,    Hence the  smaller haemorrhages 
are  linear,   the  larger   striated   in   part or altogether, and 
they often radiate from the disc.    Such haemorrhages  are 
shown in PL V. 4, VI. 1, IX. 1, 2, X. 1, XL 1.    The next 
most frequent seat is in the inner nuclear layer.    Here there 
is no tendency to striation; the extravasations are round or 
irregular (as in Pi. VI. 4, XII. 1).    If the extravasation in 
this position   is   large it may separate the retina from the 
choroid, while a haemorrhage in the   nerve-fibre layer may 
breakthrough into the vitreous.    This sometimes happens 
m Bright's disease, as in one case which   came   under my 
observation.1    The patient, a girl of seventeen, was admitted 
under Sir Wm. Jenner, suffering from chronic Bright's disease 
and hemiplegia.    On admission there was well-marked albu- 
minuric retinitis of the  usual type.     A fortnight later, a 
haemorrhage occurred, partly obscuring the fundus.    It did 
not become diffused, but remained attached to the retina by 
a pedicle. 

Now and then, especially in the neighbourhood of the 
macula lutea, the blood may be extravasated in a thin film 
between the retina and the vitreous. Such an extravasation 
is commonly very irregular in shape, the irregularity being 
sometimes increased by the extension of processes of blood 
into the vitreous. Occasionally a large hemispherical 
haemorrhage is found at the macula, bounded superiorly 
by a straight horizontal line. Here the blood seems to 

See also " Ophth. Review," vol. vii. p. 132. 
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be effused between the   internal limiting membrane of the 
retina and the hyaloid membrane, which are more loosely 
attached  to   each  other  in   this   situation  than  elsewhere. 
The blood quickly gravitates to the lower part of this space, 
where it is confined by the comparatively close connection 
between  the   above-mentioned   membranes   there  existing, 
and   we   thus   get   a   haemorrhage   of   the   characteristic 
hemispherical form.    The more recent the haemorrhage the 
brighter  is  its  colour.    Old  haemorrhages may  be almost 
black.    Haemorrhages  may   cause permanent  white   spots. 
There may be a haemorrhage one day, and the next a white 
spot in its centre.    As the blood goes (which it does quickly). 
a white patch may remain, never so large as the haemorrhage. 

It  is   doubtful  whether   extravasations  into  the   retina 
occur,   however   small,   except    from    actual    rupture   of 
vessels;1   probably  the   extravasations  are   conditioned  by 
degeneration of  minute  vessels,   sometimes  by such  capil- 
lary aneurisms as  are shown   in   Fig.   3.    White spots or 
brilliant plates of cholesterin   are often seen in the retina 
adjacent to, or left by, extravasations (PI.  XI. 1).    These 
spots, when small, may be granular; when large, they may 
be filmy.    They are probably due to fatty degeneration of 
the disturbed retinal elements or of the effused blood. 

Small   extravasations   are readily absorbed;   larger ones 
more slowly.    Sometimes pigmentary degeneration results, 
and an irregular black spot is left,   The white spots disappear 
very slowly, and white granules may remain for a long time. 

Symptoms.—Small haemorrhages, away from the centre of 
" the retina, may give rise to no symptoms.    Larger ones cause 
loss of vision at the spot from the local damage to the retina, 
the loss being serious in proportion to the proximity to the 
macula lutea, in which a  small   extravasation   may   cause 
permanent   loss   of   central   vision.     A   ring   of  haemor- 
rhage   around  the  macula  may cause considerable central 
amblyopia  (PI. XI. 2).     Occasionally the  patient  is con- 
scious  of   the  red   colour of  the   extravasated   blood  (see 

I 

i 

1  According to Leber they are frequently due to diapedesis. 
Saemisch's Handbuch," vol. v. p. 557. 
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under " Leucocythaemia"). At the moment of extravasation 
there may be no symptoms, or there may be sudden dimness 
of sight, or there may be ocular spectra. 

Causes.—Haemorrhage into the retina, as elsewhere, depends 
on one or both of two causes—increased intra-vascular pressure, 
decreased strength of vascular wall.    Local increased blood 
pressure is a common cause.    In optic neuritis with much 
constriction of the veins, the whole fundus may be covered 
with   extravasations   (PL   VI.   1).    Similar   extravasations 
may attend all forms of retinitis.    They may be large and 
abundant in thrombosis of the retinal vein, as Michel has 
shown (see p. 31).   General increased blood-pressure is an occa- 
sional cause.    High arterial tension may often be traced in 
cases of retinal haemorrhage in which no other cause can be 
discovered.    But it is, on the whole, a rare accident, consider- 
ing the frequency with which high tension exists.    Its rarity 
may be due to the efficient support of the retinal vessels, as 
explained in the description of the effects of passive conges- 
tion.    It is sometimes seen when hypertrophy of the left 
ventricle can tell unduly on the vascular system.    In the 
peculiar vascular condition which attends arrested menstrua- 
tion, haemorrhages occasionally occur : more rarely in sup- 
pression   of  some  other habitual discharge.    Mr.   Spencer 
Watson1 has recorded an instance of extensive retinal extra- 
vasation in a woman at the climacteric period, in whom there 
was high arterial tension, which was ultimately relieved by a 
copious  epistaxis.    Another  cause  is sudden loss of blood 
(see " Acute Anaemia "). 

In some cases of heart disease, especially when conjoined 
with degenerated vessels, numerous extravasations occur into 
the retina, with signs of parenchymatous retinitis, venous 
distension, and diffuse cloudiness. This condition has been 
called " haemorrhagic retinitis." It may occur without any 
recognizable cardiac disease in apparently healthy persons 
after middle life, and is often unilateral. It probably is the 
result, in some cases, of thrombosis in the retinal vein. Mr. 
Hutchinson has adduced strong evidence to show that it is 

1 "Trans. Ophth. Society," vol. i. p. 41. 
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occasionally due to a gouty diathesis, acquired or inherited 
(see Part II., "Gout"). 

Degeneration of the retinal vessels is a frequent cause of 
haemorrhage, although it is not often that it can he demon- 
strated post-mortem.    It is douhtless owing to this degenera- 
tion that  retinal extravasations are so common  in certain 
general   blood diseases,   especially in  kidney diseases   and 
diabetes, pernicious anaemia, leucocythsemia, ague, purpura, 
scurvy and pyaemia, and many exhausting conditions, such 
as over-lactation.    In some of these cases, as pyaemia and 
leucocythsemia, the blockade of vessels may assist.    Capillary 
aneurisms from a case of retinal haemorrhage in diabetes and 
diseased capillaries in renal retinitis are shown in Fig. 3. 
Jaundice is also an occasional cause of retinal haemorrhage. 

Apart from these blood diseases, retinal haemorrhage may 
occur  from simple senile vascular degeneration.     In   such 
cases it   is sometimes   produced   by violent   effort, such  as 
that of a cough, or in straining during defaocation.    In all 
conditions of vascular degeneration its occurrence is of im- 
portance, on account of its occasional association with cerebral 
haemorrhage.    This is well exemplified in the case of leuco- 
cythaemia (q. v.). 

Sometimes retinal haemorrhage results from blows upon 
the eye or skull. Rarely haemorrhages are observed in 
young persons without discoverable cause. A remarkable 
series of cases in young men has been recorded by Eales, of 
Birmingham.1 The only etiological condition with which it 
could be associated was habitual constipation. The cases 
will be again alluded to in the section on "Affections of the 
Digestive System." 

The prognosis depends on the position of the haemorrhage, 
and on the extent to which its causes are under control. It 
is worse when there are signs of general retinitis. 

The chief local treatment is the application of cold and 
gentle pressure on the eyeball, to give temporary support to 
the vessels, and obtain contraction. Other measures are those 
suited for the general state, and for haemorrhage elsewhere. 

1 " Birai. Med. Review," July, 1880, p. 262. 
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t 

Haemorrhage from the choroidal vessels is rare, and pos- 
sesses little medical significance. 

THROMBOSIS.— Veins.—Thrombosis is occasionally observed 
in smaller branches of the veins, which then lose their double 
contour—i.e., their central reflection disappears, and they 
appear dark and large, their branches being unduly con- 
spicuous. The condition usually depends on local causes, and 
has little general significance.1 

Thrombosis may also occur in the central vein of the retina 
behind the eye.    It is met with chiefly in the old, in whom 
thrombosis elsewhere is common, and has been seen in associa- 
tion with senile gangrene of the foot (Angelucci).    But it 
occasionally occurs also in younger persons, in  association 
with heart disease, aortic and mitral.    Of four cases recorded 
by Angelucci,2 three were in young persons, aged twenty- 
one,  twenty-three,   and  twenty-four.     In these  it  is   ap- 
parently due to phlebitis.    In one case3 the vein at the spot 
thrombosed was thickened to three times the normal size, 
chiefly from changes in the external coat.    The new tissue 
consisted of concretions such as are met with in psammo- 
mata, and was ascribed to an inflammatory process in the 
connective tissue of the   central canal of the nerve.     The 
thickening  of the  vein  was   so  great   that  it  must have 
compressed the artery.     It is somewhat remarkable that the 
accident does not more frequently follow a primary neuritis. 
Only one case has been recorded in which thrombosis was 
supposed to have resulted from a primary inflammation.4 

The symptoms observed have presented considerable varia- 

1 Under the title "Primary Retinal Phlebitis," Mules has lately recorded 
two cases where the thiombosis was confined to branches of the central vein 
There was no local disease found to account for the condition, but evidence of 
choroiditis subsequently appeared in one of the cases. The general bearine 
of the thrombosis is not apparent, though Mules considers that in one of the 
patients, the phlebitis was due to gout. In neither was there any ontic 
neuritis.    See "Trans. Ophth. Soc," vol. ix. 1889  p  130 

2 "Ann. d'Ocul.," 1880, ii. 
3 Angelucci:  << KL Moaatsbl.," August, 1878; Zehender :  "Bericht fiber 

11 Versam. Ophth. Ges I," p. 182. 

« Fox and Brailey : " Ophth. Hasp. Rep," vol. x. pt. ii., June, 1881, p. 205. 
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tion.    There is always sudden failure  of sight, often dis- 
covered on waking in the morning.    It is usually incomplete, 
and soon presents slight improvement.    In the most severe 
cases observed by Michel,1 the ophthalmoscopic appearances 
were those of an intense hoemorrhagic retinitis.    The veins 
were extremely distended and tortuous;   the retina around 
the papilla was suffused with blood, beyond this  zone of 
extravasation were circumscribed haemorrhages, and around 
the macula   lutea there was a greyish discoloration.     The 
vitreous sometimes became opaque.    In other cases, in which 
it was assumed that the occlusion of the vein was incom- 
plete, there were merely broad striated haemorrhages around 
the papilla, and round and oval hsemorrhages towards the 
periphery, the arteries being indistinct, and the veins dark 
and tortuous.    In still slighter cases, supposed to be of the 
same  nature, there  were   no   haemorrhages,  but merely a 
disproportion between the arteries and the veins.    In most 
instances the disc was little affected. 

That haemorrhages may be absent even when the occlu- 
sion of the vein is complete, is proved by the case recorded 
by Angelucci,2 in which thrombosis of the retinal vein, 1 mm. 
behind the lamina cribrosa, was associated with senile 
gangrene of the foot. The veins were tortuous, but there 
were no haemorrhages. 

In the case recorded by Fox and Brailey glaucoma super- 
vened, but the event is exceptional; in most recorded cases 
the tension of the eye was normal. 

In thrombosis of the retinal vein the loss of sight is less 
complete than in embolism of the artery, and the ophthal- 
moscopic appearances differ in that the arteries, as a rule, 
although they may be slightly narrowed, are not empty, or 
filiform,—in the enormous distension of the veins,—and in the 
circumstance that venous pulsation can usually be observed, 
and that the veins may appear interrupted here and there. 
But in some cases the appearances simulate those of embolism 
very closely.    There may be a cherry-red spot at the macula, 

1 " Archiv f. Ophtli.," vol. xxiv. pt. 2, p. 37. 
2 " Klin. Monatsbl.," October, 1878.    See also the same, January, 1880. 
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I and in severe cases (probably in which the central artery is 
compressed by the distension of the vein from clot, or by the 
thickening of the wall which caused the thrombosis) the 
arteries may be extremely narrow, the veins partly emptied 
of blood, and the disc pale. These were the appearances in 
a case recorded by Angelucci,1 in which the thrombosis was 
demonstrated post-mortem. 

Artery.—Thrombosis has been observed in the retinal 
artery with ocular signs identical with those of embolism, to 
be described immediately. In a case recorded by Sichel it 
was conjoined with foci of softening and small haemorrhages 
in the brain. Thrombosis in the ophthalmic artery occurs 
as a very rare event, and probably always as the result of 
thrombosis in the internal carotid. I am not aware that any 
case has been observed during life, but some years ago I made 
a necropsy on a case in which this accident had occurred. 
The patient, an aged man, had suffered from cerebral soften- 
ing in the region supplied by the left middle cerebral artery, 
which was much diseased. A fortnight or three weeks before 
his death, there was no ocular or ophthalmoscopic change. 
He lay in a comatose condition, and his eyes were not again 
examined. Post-mortem, a recent clot was found extending* 
down into the intra-cranial portion of the left internal carotid, 
fully distending it, and passing also into the commencement of 
the ophthalmic artery, which, however, near the eyeball, was 
pervious, being only partially obstructed by. clot. The eyeball 
was quite rotten, the sclerotic of a brownish colour, and giving 
way before the scissors like brown paper. The retina was 
greatly atrophied, reduced to two-thirds of its normal thick- 
ness. Its several layers were no longer recognizable. The 
outer half was occupied by a thick layer of nuclei, apparently 
representing the two nuclear layers. Its inner half consisted 
of a series of lacunae, limited by the remains of the thick- 
ened vertical fibres. No nerve-fibre layer, ganglion cells, or 
molecular layers could be discovered. A case of the same 
character, but in which a freer collateral circulation was 
established and the retinal changes were slighter, has been 

1 Loc. cit. 1878. r 
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recorded by Vircliow, and is described further on in the 
section on "Softening of the Brain." Parinaud1 relates a case 
of thrombosis of the central artery of the retina, followed by 
symptoms of cerebral softening, in a woman aged seventy- 
one, who was suddenly seized with dimness of vision in the 
left eye, accompanied by the appearance of green and yellow 
spots on a grey ground. A few days later there was a . 
central scotoma with pronounced peripheral limitation of the 
field of vision, and loss of colour-sense. Ophthalmoscopically 
the only change observed was a diminution in the calibre of 
both veins and arteries, followed ten days later by oedema 
of the retina with haemorrhages, and capillary congestion 
around the macula. Three months later there was atrophy 
of the disc, and several branches of the central artery were 
filiform and white. Subsequently she developed loss of 
memory, aphasia, and hallucinations. 

Priestley Smith2 has urged that arterial thrombosis is the 
lesion in many cases that are thought to be embolism. He 
regards, as its causes, heart-failure (either from organic 
disease or other cause), spasm of the vessels or disease of 
their walls, and blood-states. The transient failure of sight 
in the opposite eye at the onset he ascribes to spasm of the 
retinal vessels. 

EMBOLISM.—The central artery of the retina is not unfre- 
quently occluded by an embolus, and the occurrence is of 
much medical interest. Nowhere else can the phenomena of 
vascular occlusion be observed during life. The accident is 
commonly the consequence of heart disease, and is sometimes 
the first thing which draws attention to the existence of the 
cardiac affection. It was so in the case of a girl who came 
under my observation suffering from sudden loss of sight 
in one eye. On examination she was found to have a loud, 
distinct presystolic murmur. There was no previous history 
of rheumatic fever or scarlatina, and there were absolutely 
no symptoms pointing to cardiac disease beyond the affection 
of sight.    Embolic infarction in other organs in many cases 

1  " Gaz. Med. de Paris," 1882, p. 627.        2 " Oplith. Rev.," vol. iii 
n 
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34 MEDICAL   OPHTHALMOSCOTY. 

coexists, and the ocular accident may indicate the nature of 
disturbance elsewhere. It occasionally coexists with cerebral 
embolism, and may even furnish a warning of the proba- 
bility of the latter, as in a case recorded by Landesberg, in 
which the ocular embolism was followed, a week later, by 
loss of consciousness and hemiplegia. This patient suffered 
at different periods from embolism of each retinal and one 
cerebral artery. The cerebral and ocular accidents may occur 
simultaneously. The diagnosis of cerebral embolism is 
usually sufficiently clear without it, but its occurrence is an 
important corroborative, and almost demonstrative, proof 
of the nature of the cerebral lesion. Eetinal, as cerebral, 
embolism is rather more frequent on the left than on the 
right side. Its common cause is, as already stated, cardiac 
disease, especially mitral stenosis. It has also been observed 
in atheroma of the aorta and in febrile diseases, pregnancy, 
and Bright's disease, probably from the formation of a clot 
and its detachment. It may, therefore, occur at any age. 
A case at seventy-four years of age has been recently 
recorded by Hirschberg.1 

The position of the obstruction may be in the trunk, or in 
one of the branches. In each case there is sudden and com- 
plete loss of sight, persistent when the obstruction is in the 
trunk and is permanent,2 In rare cases the loss of sight is not 
instantaneous, but comes on in the course of a few minutes, 
commencing at the periphery. When the obstruction is in a 
branch, the loss of sight usually rapidly clears, except from 
that portion of the retina which is supplied by the occluded 
vessel. 

The arteries beyond the obstruction are deprived of their 
supply of blood, and contract, so that to the ophthalmoscope 
they appear as fine lines only (PI. XII. 2).    They commonly, 

1 "Arch. f. Augenheilkunde," vol. v., April, 1879, p. 166. 

2 Should the retina be nourished in part by a cilio-retinal artery, embolism 
of the trunk of the central vessel will not cause complete loss of sight, since 
the retinal area corresponding to the distribution of the abnormal artery will 
retain its function.    Such a case is recorded by Benson (" Ophth.   Hosp 
Rep.," vol. x., pt. iii., 1882, p. 336). 
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however, retain their red colour, hecause the contraction does 
not ohliterate their cavity, although reducing it almost to 
capillary dimensions, and there is still a narrow column 
of blood within them. Towards the periphery, however, 
they are so small as to be invisible. The delicate wall of 
the vessel is unrecognizable, except in the larger vessels, 
where, on account of its contracted state, it is more distinct 
than normal, and appears as a white line on each side, bound- 
ing the narrow, red column. When the obstruction is com- 
plete and no collateral circulation is established, the red 
column may disappear, and only a white line indicate the 
position of the empty vessel, which gradually becomes trans- 
formed into fibrous tissue (PI. XII. 3). In this drawing the 
arterial branch which passes upwards and to the left is 
represented only by a branching white line, while one which 
passes vertically upwards, and is not quite empty, is bounded 
on each side by a white line. Sometimes detached columns 
or cylinders of blood are seen in the arteries and in the veins, 
moving onwards in pulsatile jerks. This is probably seen 
only when the obstruction is incomplete. 

The veins are narrowed, but less than the arteries. They 
are sometimes, but not always, broader towards the periphery 
than near the disc. 

The optic disc is paler than normal, and the pallor gra- 
dually increases. The retina undergoes very marked changes, 
consequent on the disturbance of its nutrition. It presents 
a greyish or white opacity, always most marked around the 
macula lutea (PI. XII. 2), and commonly also conspicuous 
around the disc. This opacity may come on in a few hours, 
but sometimes not for some days. The opacity usually stops 
short of the fovea centralis, leaving it of a bright red colour, 
so red that it was thought to be extravasation, but it is now 
generally believed that the tint is merely the effect of contrast 
with the adjacent pale opacity. The latter is believed to 
depend on oedema of the nerve-fibre layer, and the thinness or 
absence of that layer at the fovea centralis to be the cause of 
the usual freedom of that part from opacity (Liebreich). But 
occasionally the fovea may be as opaque as its vicinity, as in 
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PI. XII. 2. Here I found the opacity to depend on much 
graver structural alterations than are usually supposed to 
exist. Besides evidences of oedema, there was an infiltration 
of all the retinal layers with lymphoid cells, similar to those 
of the nuclear layers, so that the thickened vertical fibres 
were the only structural elements which could be dis- 
tinguished. The layer of rods and cones was destroyed, 
probably during life, in the region of the macula, because the 
pigment-epithelium was in contact with, and adherent to, the 
outer nuclear layer. In other places the thickened vertical 
fibres were widely separated. 

Haemorrhages are sometimes met with.    The opacity com- 
monly disappears in the course of a few weeks, but may leave 

r 

FIG, 4,—EMBOLISM OF THE CENTRAL ARTERY OF THE RETINA (PL. XII. 

Longitudinal section through the artery, one-eighth of an inch (3 mm.) 
behind the eyeball. On each side the nerve-fibres are indicated, and 
between these and the vessel is much loose connective tissue. Within 
the contracted vessel is an oval granular mass, and in front of this is a 
small round body ( x 300). 
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white spots, due to foci of degeneration. The edges of the 
optic disc are usually hazy. In most cases the pallor per- 
sists and increases, and passes into the whiteness of atrophy, 
which, at last, resembles closely simple atrophy, except in 
the extremely small size of the vessels. 

The plug has in several cases been found after death, 
commonly just behind the bifurcation of the artery, in other 
cases in its course. In a case of embolism of the middle 
cerebral, and retinal artery, probably occurring simultaneously 
(figured in PI. XII. 2), the artery in the nerve contained an 
oval granular embolus (Fig. 4). Other smaller fragments 
were seen in the narrowed arteries, upon the disc. 

Very rarely the circulation gets re-established by the normal 
course. Columns of blood appear in the arteries, in part 
interrupted, and for a long time easily broken up by pressure. 
The arteries continue below normal size. Vision may be 
recovered, especially at the periphery, rarely at the centre. 
Commonly, however, obstruction remains complete 

The retinal artery is regarded as a "terminal" artery— 
i.e., one that has no anastomoses. In most cases verv little 
collateral circulation is set up : the arteries remain narrowed 
to lines as far as they can be traced. But they are visible in 
almost all cases as red, not as white, lines. Hence they must 
contain blood, persistent and therefore circulating, which has 
come from some slight collateral anastomoses, or from the 
obstruction being incomplete. 

Sometimes the arteries again become pervious although 
diminished in size. It is probable that this is due, in some 
cases, to the partial restoration of the channel of the artery, 
and in other cases to the establishment of considerable 
collateral circulation. In PI. XII. 2, for instance, the 
arteries are filiform only upon the disc, and as far as they 
remain unbranched; beyond this, they have nearly their 
normal size. A similar case has been recorded by Knapp. 
This points strongly to the establishment of a collateral 
circulation, probably by connection with the long ciliary 
arteries, although, in the researches of Leber, such connections 
could not, in the normal condition, be demonstrated. It is 
commonly supposed that the chief connection between the 
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retinal and ciliary vessels is by means of the vessels of the 
optic disc, but it is doubtful whether it is by this means 
that a collateral circulation takes place. The arteries are 
never filled in the neighbourhood of the disc, but at a 
distance from it. A collateral circulation in the disc may 
maintain the blood-sujoply needful to preserve the red colour 
of the filiform arteries, but certainly does not maintain the 
peripheral circulation in most of the cases in which this 
is re-established in a considerable degree. Probably, as 
Mauthner has suggested, there are, in different cases, very 
variable anastomoses. The re-establishment of the circulation 
a few hours after the obstruction, has been observed by Wood 
White and by Eales.1 In each case recovery of sight 
occurred. It is probable that the clot either became broken 
up or so moved as to allow the blood to pass. In Wood 
White's case the event was apparently produced by pressure 
on the globe by the finger. The fact is of interest in 
connection with the occasional transient duration of the 
symptoms of cerebral embolism. 

In PI. XII. 3 the vessel, which is still pervious, though 
narrowed, is bordered for a distance by the fine white line 
indicating the wall thickened by contraction. The blood 
column within it, narrow as it is, still presents a central reflec- 
tion, and towards the periphery the vessel again widens out 
exactly as in the other case, shown in Fig. 2 of the same plate. 
This broadening of the peripheral portion of the vessel nearly 
to its normal calibre indicates that blood enters it beyond the 
narrowed portion by some junction with other arteries.2 

1
 " Ophth. Rev.," vol i., pp. 43 and 139. Mules also has recently recorded 

a case where plugging of a branch of a retinal artery disappeared, under mas- 
sage of the globe, about an hour after its occurrence. The visual field was 
restored forthwith, with the exception of a small area corresponding to the 
immediate neighbourhood of the embolus. ("Trans. Ophth. Soc," vol. viii., 
1888, p. 151). 

2 It is greatly to be desired that, in any post-mortem examination of a 
case in which there has been embolism of the retinal artery, and in which 
such collateral circulation is established, a ligature should be placed around 
the artery, or around the optic nerve in front of the entrance of the artery, 
and the ophthalmic artery then injected,'so as to discover the channels by 
which the circulation is established, and which elude observation under 
normal conditions. 
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In partial embolism the segment of the retina, to which the 
occluded branch goes, becomes opaque, and is sometimes the 
seat of numerous haemorrhages. Both opacity and extrava- 
sations ultimately disappear. The corresponding portion of 
the optic disc may be normal, as in the case shown in the 
figure, or it may be atrophied. In one case on record it was 
hyperaemic (De Wecker). The corresponding vein is at first 
distended, afterwards smaller than normal. 

Embolism of the trunk of the central artery commonly 
causes complete and persistent loss of sight. AVhen the 
•occlusion is of a single branch, there may be a complete 
initial loss of sight, due probably to the plug causing a 
temporary obstruction in the trunk of the artery before it 
passed on to the branch in which it was arrested. Occa- 
sionally, in such cases, the blindness has remained complete, 
although the ophthalmoscope afterwards demonstrated that 
only one branch of the artery was occluded. The general 
retinal anaamia may, in such cases, have been so prolonged that 
the nerve elements suffered a shock, damaging their nutrition 
beyond the power of recovery on the succeeding restoration of 
the circulation.    Commonly, in such cases, the permanent loss 

FIG. 5. -DTAGBAM OF RIGHT FIELD OF VISION IN PARTIAL EMBOLISM OF 

THE CENTRAL ARTEEY OF THE RETINA. 

The descending branches of the central artery were normal, but those pro- 
ceeding upwards were empty.    The shaded area indicates the portion ot 
the field in which sight was lost.    The asterisk indicates the position of 
the fixing point, the dot that of the blind spot. 
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is of a portion of the field corresponding to the distribution 
of the branch plugged. When this is one of two primary 
divisions of the artery, the loss may amount to one-half of 
the field; when of a smaller branch, to a quadrant, or the 
like. There was a loss of nearly one-half in the case figured 
in PI. XII. 2, in which one branch running upwards and 
outwards is completely obliterated, and others running up- 
wards and inwards are partially obliterated. The loss was 
that shown in the adjacent diagram of the field of vision 
(Fig. 5). 

Occasionally, sudden blindness has occurred, and the retinal 
arteries have appeared narrow, recovering their normal size 
after a short time, with restoration of vision, as in the cases 
of Wood White and Eales, discussed above. 

Arterial   ischoemia,   similar  to   that  which   results  from 
embolism, has been ascribed to a retro-ocular  haemorrhage 
around the   artery  compressing  it.     The  ophthalmoscopic 
distinction of this from embolism is uncertain, and probably 
depends rather on the incompleteness of the ultimate obstruc- 
tion than on any differences in the early retinal appearances. 
It   is said to occur in cases in  which   there   is   a   general 
tendency to haemorrhage, and to be the precursor of cerebral 
extravasation.   An interesting case, probably of this character, 
is related by Hutchinson.1    It is possible that some of the 
cases supposed to be of this character have been really cases 
of thrombosis in   the   central vein compressing   the   artery 
(see p. 30). 

THE  OPTIC  NERVE. 

The alterations in the optic nerve, as seen at its entrance 
into the eye, are among the changes in the fundus oculi of 
greatest importance to the physician. It may be well, before 
describing those changes, to consider some points, regarding 
its structure and appearance, a knowledge of which is essential 
for a correct understanding of the pathological changes. 

In the optic disc we have presented to view the termination 
of a nerve—a structure consisting of nerve fibres, a little 
supporting connective tissue (especially abundant around the 

] "Ophth. Hosp. Rep.,'" October, 1874, p. 51. 
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central vessels), and a number of blood-vessels, for tbe most 
part capillaries, which confer on the disc its tint. The nerve 
fibres radiate and spread out in the retina, but not equally on 
all sides, being few on the temporal side, towards the macula 
lutea, and numerous on the nasal side and especially above 
and below. The minute vessels of the disc are derived partly 
from the posterior ciliary (choroidal) arteries, and partly from 
the central retinal artery, twigs from both of which commonly 
unite in forming the " circle of Haller," a series of vessels 
which surround the optic nerve behind the disc. The con- 
nective tissue between the bundles of nerve fibres is small in 
quantity, but contains scattered nuclei. The opening in the 
sclerotic is funnel-shaped, the wider part being posterior. 
The termination of the nerve fits pretty closely into the 
inner, smaller, part of the opening, while the space between 
the nerve and its outer sheath, " vaginal space," passes up 
into the posterior part of the opening (Fig. 16). 

The separation of the optic nerve fibres to radiate into the 
retina leaves the central hollow known as the " physiological 
cup," the size and depth of which are determined by the 
arrangement of the nerve fibres. The vessels are chiefly 
developed among the nerve fibres and towards the surface of 
the disc, and hence the central cup is always much paler than 
the periphery. It is commonly white, but sometimes mottled 
grey from the reflection of the white trabeculse of the 
"lamina cribrosa," which closes in the sclerotic foramen, 
and through the meshes of which the greyer, now non- 
medullated, nerve fibres pass. The tint of the circum- 
ferential portion of the disc is, as already explained, deepest 
where the nerve fibres are most numerous, and hence the 
nasal half of the disc is naturally redder than the temporal 
half. The arrangement of the nerve fibres also causes the 
side of the central cup to be steep on the nasal and shallow 
on the temporal side, the difference being proportioned to 
the inequality with which the nerve fibres are distributed. 
When the fibres are almost all packed on the nasal side, 
the cup may be very large, and extend on the temporal 
side to the margin of the disc. Often, however, there is 
no paler central cup. 
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The boundary of the " disc," as commonly recognized, is 
the choroidal ring, i.e., the edge of the opening in the 
choroid corresponding to that in the sclerotic. The latter is 
usually the smaller of the two, and hence a narrow rim of 
sclerotic commonly appears within the choroidal edge, and is 
known as the " sclerotic ring." It is often visible only on 
one side. At the passage of the nerve fibres over the edge 
of the sclerotic, they curve a little above the level of the 
retina, and this slight prominence has suggested the name of 
" optic papilla" as a designation for the area of entrance of 
the optic nerve. 

The trunk of the optic nerve possesses a double sheath : 
the inner is delicate, closely invests the nerve, and is con- 
tinuous with the pia mater of the brain. The outer sheath is 
thicker and fibrous, blends in front with the sclerotic, and is 
continuous at the optic foramen with the dura mater. There 
is not, as was once thought, a reflection of the arachnoid at 
the optic foramen, and thus the vaginal space of the optic 
nerve—i.e., that within the outer sheath—is continuous with 
the subarachnoid and subdural spaces around the brain. 
This vaginal space is traversed by tracts of tissue connecting 
the two sheaths. At the anterior extremity of the nerve, 
the space passes within the posterior part of the sclerotic 
opening, and is, according to some authorities, closed; but, 
according to others, it is continuous with lymphatic spaces 
in the substance of the optic nerve, and probably also in 
the retina. 

The optic nerve, at its entrance into the eye, undergoes 
certain pathological changes in common with the retina. 
When the retina is generally inflamed, and when it is 
atrophied, the optic "papilla" participates in the change. 
But it also undergoes inflammatory changes independently 
of the retina. 

The pathological conditions of the papilla resolve them- 
selves, from their clinical features, into two groups,—in- 
creased vascularity, commonly with increased prominence ; 
diminished vascularity, commonly with shrinking. The 
states characterized by the former are more or less inflam- 
matory,  and  are   often  included   under  the  generic  term 
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■" optic neuritis." Those characterized hy the latter signs 
are accompanied hy wasting of the nerve tissues, and are 
included under the generic term "optic nerve atrophy." 

It must be remembered that the term "optic nerve" is 
employed in two senses—to designate the whole nerve, and 
also its intra-ocular termination as seen with the ophthalmo- 
scope. To prevent the confusion arising from this double 
use of the words, it has been proposed by Leber to use the 
terms " optic nerve " and " optic neuritis " when speaking of 
the whole nerve, employing only the words " papilla" and 
" papillitis " to designate the intra-ocular termination of the 
nerve and its inflammation. This distinction has not, how- 
ever, come into general use in this country. The custom of 
employing the term "optic neuritis" as a designation for 
the intra-ocular inflammation, makes it inconvenient to 
restrict it to inflammation of the nerve trunk, but for the 
former condition the synonym " papillitis " is very useful. 

The characters of these morbid states may be thus tabu- 

lated :— 

A.—Morbid states of the optic nerve, characterized by in- 
creased vascularity or signs of inflammation. 

1. Simple  congestion  of  the   disc; undue  vascularity, 
redness, softening but no obscuration of the edge, 
and no swelling. 

2. Congestion with oedema of the disc (slight neuritis 
or papillitis); increased redness, with slight swell- 
ing ; obscuration of the edge of the disc, complete 
to the direct examination, incomplete to indirect 
examination. 

3. Neuritis, or papillitis; increased redness and swell- 
ing, with obscuration of the edge of the disc, com- 
plete in degree, partial or total in extent. 

B.—Diminished vascularity and signs of wasting. 
1. Simple   atrophy; increased   pallor  from  the   first; 

" primary atrophy." 
2. Congestive atrophy ; secondary to congestion ; pallor 

slowly succeeding simple congestion. 
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3. Neuritic  atrophy,  succeeding  pronounced  neuritis; 
" consecutive atrophy," " papillitic atrophy." 

4. Atrophy succeeding choroiditis and retinitis; " cho- 
roiditic " and "retinitic atrophy." 

^ A.—MORBID STATES CHARACTERIZED BY INCREASED 
VASCULAR1TY OF THE DISC, OFTEN WITH SIGNS OF 
INFLA MM A TION. 

SIMPLE CONGESTION. 

Increased redness is the universal expression of tissue 
hypersemia. But it is of less value as a sign of hypersemia of 
the optic disc than in the case of most tissues, on account 
of the great variation in the amount of natural redness. 
Attention to tint of disc alone is a prolific source of error in 
ophthalmoscopy. It is as if a small portion in the centre of 
the cheek were examined to determine whether or not there 
was pathological hypersemia. Nevertheless, abnormal redness 
of the disc does occur as a morbid state, and, although in 
itself a sign of little value, it derives importance from certain 
concomitant conditions. It is significant (a) when it possesses 
special characters to be immediately described ; (b) when 
developed under observation; and (c) when it is notably 
greater in one eye than in the other: but even in the latter 
case there is room for error in the possibility of a natural 
difference, or that the paler eye may present an abnormal 
decrease in redness. 

There are certain characters which aid very much in the 
recognition of the pathological increased vascularity. First, 
morbid redness has usually a tendency to invade the physio- 
logical cup, and often, especially when the cup is small and 
shallow, to obscure it altogether. Secondly, pathological 
redness has a tendency to render the sclerotic ring or the 
edge of the ehoroid indistinct; to blur the sharpness of the 
outline of the disc. The change, when very slight, may be 
best appreciated by examination with the indirect image 
(PL LI). It is due to the circumstance that the seat of the 
vascularity is the layer of nerve fibres, and it may extend in 
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front of the edge of the disc; and it is often attended with a 
little swelling of the nerve fibres or effusion of fluid, which 
conceal the structures beyond. The term " congestion " is, I 
think, best restricted to those cases in which the increased 
vascularity exists alone, with so little structural change, that 
the edge of the disc can still be perceived by both methods of 
examination, although not so sharp as natural. 

The redness is different from the   ordinary  tint  of  the 
discs.     It is brighter,  softer, somewhat  velvety in   aspect, 
sometimes finely stippled.      Occasionally, however, the tint 
of a disc thus changed may be positively paler than normal, 
although the  uniformity   of the   colour, and  the  softened 
edge, afford  evidence of the pathological   character of  the 
change on which it depends.    This paler tint is often seen 
when  the   condition is passing into atrophy.    The retinal 
vessels are usually unchanged;   their walls are  often con- 
spicuous, by contrast with the redness of the disc, as white 
lines bounding the blood column, and any white connective 
tissue which surrounds them at the point of emergence is also 
unduly conspicuous (PI. I. 2).    The appearance is suggestive 
of the white tissue being a pathological result of the hyper- 
semia.    It is probable that it is so, but the' appearance  is 
too   common   as  a  physiological   condition  to  have   much 
value.    Its distinctness possesses a little significance, as due 
to the invasion of the middle of the disc by the hypersemia. 
Occasionally, when the hypersemia of the disc is the expres- 
sion of graver changes behind the eye, the arteries may be 
narrowed in consequence of retro-ocular pressure. 

The condition thus described as " simple congestion " of 
the disc is usually a chronic state, and corresponds, pro- 
bably, to the condition which has been called by Clifford 
Allbu'tt "chronic neuritis." The evidence that there is 
actual inflammation does not seem sufficient to warrant the 
application to this state of the term " neuritis," especially as 
there are forms of true neuritis characterized by extreme 
chronicity. It is rare, I think, that such simple hypersemia 
is the first stage of an actual neuritis. In the latter, swelling 
comes on pan passu with  the  hypersemia—i.e., congestion 
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with oedema, rather than simple congestion, is the first stage 
of neuritis. The simple congestion is occasionally seen as 
a substantive condition, and may, in rare cases, precede 
atrophy. The condition may be the expression of a state of 
congestion and degeneration in the whole optic nerve, or be 
apparently limited to the optic disc. It is not unusual in 
cases of hypermetropia. It may occur as a consequence of 
injuries, blows, &c, in the neighbourhood of the eye. The 
affection of sight which results from the use of tobacco may 
be attended with this state. It occurs also, probably, from 
other toxic agents, as lead. It has been observed by Clifford 
Allbutt in general paralysis of the insane; and, although 
some other observers have failed to find it, one case under 
my observation presented it very distinctly. It has also been 
described by the same writer as accompanying atrophy in 
locomotor ataxy; but in that disease, although often looked 
for, it has not been found by others or by myself. It is 
sometimes present in cases in which there is reason to 
believe a similar condition exists in the brain. The figures 
PL I. 1 and 2 are from a patient with cerebral embolism, 
in whom the condition came on in association with secondary 
brain irritation—mental failure and rapid wasting in the 
paralyzed limbs. I have seen a similar appearance in acute 
mania. Microscopical examinations of the disc in this state 
are rare. Clifford Allbutt examined one case and found only 
distension of the minute vessels with that granular degenera- 
tion of the nerve fibres present in all forms of atrophy. 

OPTIC NEURITIS OR PAPILLITIS. 

CONGESTION WITH (EDEMA (PL I. 3 and 4) is really the 
first stage of papillitis. The normal rosy tint of the disc 
becomes increased; its edge is blurred, but is recognizable 
on indirect examination. There is a pale reflection from 
the adjacent retina, surrounding the disc with an indistinct 
halo (Plate I. 3). On examining the disc by the direct 
method, the morbid appearance is much more marked 
(Plate I. 4). The edge of the disc is lost, and the opacity is 
seen to be in part the result of an undue distinctness of the 
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radiating striation of the nerve fibres as they course on to the 
retina. It must be remembered that this striation is often 
visible as a normal condition, especially above and below. 
Where the aggregation of the fibres is very close, the central 
cup being of large size, the appearance of commencing oedema 
may be closely simulated. In the latter condition, however, 
there is from the first more or less invasion of the central cup, 
which soon becomes obscured. The increased vascularity of 
the disc may be striated at the periphery. There is often 
distinct swelling. The centre of the papilla may be, as in 
the figures referred to, much redder than the periphery, 
on account of the slighter central swelling allowing the 
vascularity of the disc to be perceived. In the periphery 
the tint of the choroid is concealed. The retinal vessels may 
be normal, or the veins may be enlarged. 

It is important to note that the direct examination renders 
these changes more distinct.    If the obscuration of the edge 
of the disc is apparent only, in consequence of the similarity 
in tint of the disc and the adjacent choroid, the edge of the 
disc is more distinct on direct than on indirect examination. 
When the indistinctness of the edge is due to the opacity of 
the structures in front of it (except in the very  slightest 
form), the edge is less distinct on direct than on indirect 
examination.    This  is  no   doubt   due  mainly  to  the  fact 
that  the illumination is  stronger  and  the plane of  focus 
is less exact in the indirect method, so that the choroidal edge 
and the tissue in front of it are in view at the same time; 
whereas  the direct method  of   examination, by its higher 
magnification and more exact focussing, shows the tissues in 
front of the edge so as to increase the concealment of the 
latter.   This fact will often be found of service in distinguish- 
ing between a normal redness and an abnormal obscuration 
of the disc.    Of course, it will not distinguish the latter from 
the cases just mentioned, in which there is a slight physio- 
logical obscuration of the edge by nerve fibres. 

This condition of oedema is usually an acute affection, and 
is commonly the first stage of neuritis. It is said to be an 
effect of pressure on the retinal vein, causing passive conges- 
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tion of the retinal vessels, and it has been described as the 
result of the general passive congestion of heart disease. In 
these cases it may be associated with retinal haemorrhages. 
It may, however, occur as the first stage of neuritis without 
the least sign of mechanical congestion. In the case figured, 
there was probably a syphilitic intra-cranial node or growth. 

NEURITIS (PAPILLITIS).
1—From congestion with oedema to 

actual inflammation the transition is one of degree. It seems 
better to restrict the term neuritis, or papillitis, to those cases 
in which the swelling and opacity are sufficient to conceal the 
edge of the disc both on direct and indirect examination. 
This condition is found in most cases to result not merely 
from vascular congestion and oedema, but from changes in 
the nerve fibres and connective tissue, such as we regard as 
evidences of inflammation. The change may completely veil 
the whole or only half the disc ; and from such a slight degree 
of neuritis to the most intense form we may have every 
gradation, characterized by very considerable differences in 
appearance. 

These variations in the appearance of the disc in different 
cases, and supposed differences in their origin, have led to 
the establishment of two varieties of the affection, " descend- 
ing neuritis," and the " choked disc," " Stauungs-papille." 
The grounds on which these divisions have been made are, 
as will be shown, uncertain, and it is better in the first place 
to consider the common features which all forms of papillitis 
possess. The supposed varieties and theories of this origin 
will be then better understood. 

A case of optic papillitis of considerable intensity presents, 
in the course of its development, certain stages, the general 
features of which are usually recognizable. The transition 
from one to the other is, of course, a gradual one, and cases 
are seen which present appearances intermediate between the 
several stages. Moreover, at any stage, the morbid process 
may stop, remain stationary for a time, and then recede. 
This may occur spontaneously or as the result of treatment. 

] Plates I. 5, 6, II. 1, III., IV., V., VI., VII. 
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Thus certain forms of neuritis maybe distinguished according 
to the intensity of the changes, but our knowledge of the 
conditions on which they depend seems insufficient at present 
to distinguish them as varieties otherwise than as varieties of 
intensity, on whatever differences of mechanism they may 
ultimately be proved to depend. 

The first stage of optic neuritis is that which has been 
already described as " congestion with oedema "—a condition 
of increased redness, swelling, and cloudiness, masking the 
edge of the disc to direct, but leaving it perceptible to indirect, 
examination. In this condition the microscope reveals no sign 
of tissue inflammation. The second stage, that of actual, but 
slight, neuritis, is characterized by the disappearance of the 
edge of the disc even to indirect examination (PI. I. 5). The 
transition from the disc to the retina is gradual, the edge is 
" blurred," and its position has to be guessed at. When this 
is the case, the disc always, I believe, presents not only 
oedema but also changes in its tissue elements which indicate 
a process of inflammation—proliferation of nuclei, escape 
of leucocytes, and degeneration of nerve structures—changes 
similar to those which are regarded in all organs as indicative 
of inflammation. 

The red tint of the disc becomes more marked, so that it 
may be almost the same as that of the adjacent choroid, or it 
assumes a reddish grey tint, which is very characteristic, 
and the disc loses its normal semi-translucent appearance. 
The swelling increases, and is easily recognized, even on 
indirect examination, by the relative displacement of different 
parts on lateral or vertical movement of the lens. The 
striation of the periphery, perceptible in the first stage, 
increases, but becomes redder. It is due not only to the 
swelling and opacity of the nerve fibres, but also to the 
minute vessels which course between them. In the centre of 
the disc the redness is stippled or uniform, not striated, and 
the centre is commonly distinctly darker red than the peri- 
pheral portion (PI. I. 6). The centre may be red, and the 
periphery greyish red. The striated edge passes, by grada- 
tion, into the tint of the adjacent f undus.    The physiological 
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f 

cup often disappears during the stage of oedema; if large, a 
trace of it may remain to the stage of commencing neuritis, 
but is rapidly encroached upon and covered in by the swell- 
ing of the papilla (see PI. III. 2, in which it has almost 
disappeared). 

White lines and spots are not uncommon, especially in the 
cases in which the changes remain of slight degree.    They 
often   correspond  to  the  position   of arteries (PI. III.   3). 
The swelling and obscuration may involve all parts of the 
disc equally, especially in the more acute forms of neuritis, 
or it may be much more marked on the nasal than on the 
temporal side of the disc.    The difference may be so great 
that the position of the edge of the disc may be distinct on 
the temporal side, while the nasal edge is completely obscured 
by   opaque tissue—a  condition  which may for brevity be 
termed " hemi-neuritis "  (PL  V.   1,  2, 4).     Hsemorrhages 
are not uncommon in this stage, sometimes on the surface 
of the swelling, or  even on the least changed part of the 
disc (PI. Y. 1) or just beyond its edge (PI. Y. 4).    They 
are   always   small.      The    arteries   usually   present   little 
change in   the   slighter   stage   of  neuritis,   although   often 
recognized with difficulty on account of the colour of their 
blood corresponding to the tint of the disc.     They are a 
little   concealed   at   their   emergence, but   have   a   nearly 
straight course.     Arterial   pulsation has been observed by 
Grraefe1 and Becker.2    The veins lose their central reflection 
as they pass down the sides of the swelling,   and   appear 
dark.    They may or may not present dilatation, indicative 
of mechanical congestion.    In the   early stage of papillitis 
from tumour, as a ride, they less frequently present dilata- 
tion than in that from meningitis. 

As the papillitis goes on, the swelling increases, and 
becomes often so great, that there may be a difficulty in 
seeing the surface of the swelling by the direct method 
without the use of a convex lens. The veins, as they curve 
down the   sides   of  the   swelling, appear   still   darker   and 

1  "Arch. f. Ophth.," xi. pt. 1, 201, and xii. pt. 2, 131. 
* ''Wien. Med. Woclienschrift," 1873, p. 34. 
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foreshortened, and are concealed, just beyond its edge, in 
the adjacent retina (PI. III. 4, IV. 1, V. t>). The veins 
commonly now present some enlargement, often considerable, 
and the arteries are narrowed. They may be indistinct 
upon the disc, being concealed by the tissue. The arteries 
are always more concealed than the veins. The vessels are 
often lost to view at the centre of the swelling (PI. I. 6, 
IV. 3, V. 5), although there may be a depression where they 
emerge. This central depression is sometimes large, in con- 
sequence of the neuritic swelling being chiefly located on the 
edge of the disc (PL VII. 1)—a condition which has been 
distinguished as " perineuritis." The swelling increases, not 
only in height but in lateral extent, and partly displaces, 
partly invades, the adjacent part of the retina, often having 
a diameter two or three times that of the optic disc. There 
are, however, rarely signs of any general disturbance of the 
retina. Extravasations of blood may occur on the surface 
of the swelling, and not uncommonly white, flake-like spots 
may appear upon it, often concealing the vessels (PI. III. 3, 
IV. 1, VI. 2). Occasionally a white spot is surrounded by a 
halo of haemorrhage (PL VI. 2). Sometimes similar spots 
exist in the retina close to the edge of the disc. 

A large number of cases proceed no farther than this stage. 
Signs of passive congestion of the veins may or may not be 
present. If not present before, they may be developed 
during the subsidence of the neuritis, especially if quick 
absorption of the inflammatory products cannot be obtained. 
Neuritis of this stage may clear completely (PL IV.), the 
inflammatory products being for the most part removed, and 
those which remain merely causing a little increase of tissue 
in the middle of the disc. The subsidence is marked by a 
diminution in the height and extent of swelling, and in its 
redness. At first it may appear somewhat more opaque 
(PL VI. 3), but becomes less so as the swelling subsides. 
The position of the edge of the choroid becomes appreciable,, 
and gradually clearer, first on the temporal, and then on the 
nasal side. The disc has a " filled in " aspect (PL VI. 5), 
and both arteries   and veins may be narrowed and partly 
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t ' 

concealed on its surface. This is especially the case when 
the new tissue-elements in the disc have been sufficiently 
abundant to develop signs of strangulation during the in- 
flammatory stage (PI. VI. 1 and VIII. 1). When this is 
not the case, as in PL III. 5 and 6, IV. 1 and 2, the disc 
may rapidly clear in the centre, as well as in the periphery, 
and the physiological cup be quickly reproduced. Often, 
however, white lines along the vessels indicate the remnants 
of preceding inflammation (PL IV. 2, II. 4), and the vessels 
may be a little narrowed. Commonly, when the inflamma- 
tory swelling has been marked, a disturbance of the pigment- 
epithelium leads to a narrow zone of atrophy adjacent to 

the disc (PL II. 4, IV. 4). 
Whether or not there are signs of mechanical congestion in 

the stage of neuritis just described, a further increase in the 
inflammation is invariably accompanied with signs of com- 
pression   of the vessels,  and strangulation of the inflamed 
papilla, with a rapid and intense increase in the mischief. 
The tumour formed by the swollen papilla becomes much 
more promiment, and extends laterally in all directions, even 
as far on the temporal side as the macula lutea.    The form 
of the swelling varies ; sometimes it remains   conical,   but 
usually the sides become steeper, and the top more or less 
flattened.    The sides may even overhang so that the tumour 
has a fungiform shape, and the vessels, as they pass over the 
side, may be concealed by the edge of  the  swelling, and 
reappear   in   the   fundus   in   a   different   position.    Good 
examples of this intense strangulated neuritis are represented 
on the next page (Figs. 6 and 7, and at PL VI. 1). 

The arteries are much narrowed, and often altogether 
invisible on the swelling, being buried in its substance, and 
appearing first in the retina, a little distance from its edge. 
The veins are often concealed on the disc, at least in part, 
"but some of them are usually visible towards the edge of the 
swelling, and are greatly distended. When the amount of 
swelling is extreme, all the vessels may be concealed, as in 
PL VI. 1. Haemorrhages are frequent and extensive, and 
.are   commonly  situated   on   the   edge   rather  than   on   the 
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surface of the swelling (PI. VI. 1 and. VIII. 1).    The over- 
hanging edge may he infiltrated with blood.    The veins may 

^ 

JL 
^V 

^ 

pIOi e_ ACUTE OPTIC NEURITIS IN A CASE OF CEREBRAL TUMOUR.
1 

There are great swelling of the disc, which is surrounded by radiating 
hfemorrliai'es, and, at the macula, a stardike arrangement of white 
spots.    No albuminuria, and no history of syphilis. 

FIG. 7.—ACUTE OPTIC NEURITIS. 

The veins and arteries are both concealed by the swelling.    The veins are 
distended, while the arteries  are narrowed.    Numerous white patches 
are scattered over the swollen papilla. 

1 After Edmunds, "Trans. Ophth. Soc," 1884, p. 291. 
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be concealed beyond the edge of the swelling, and often 
present many curves and twists, sometimes corkscrew-like 
from their elongation. The tint of the strangled swelling 
is usually a full red, mottled and streaked from enlarged 
vessels and small extravasations. The striation due to the 
nerve fibres is commonly lost. The retina adjacent is often 
the seat of haemorrhages, which may extend along the vessels 
from the disc. Not unfrequently secondary changes occur in 
the retina over a wide extent. Haemorrhages, usually striated 
and situated in the nerve-fibre layer, may be scattered 
over the whole fundus (PI. VI. 1). The veins are often 
distended, and may be tortuous for a long distance from the 
disc. The ultimate distension of the veins may be as great 
in the papillitis which succeeds a descending neuritis (see 
Figs. 18, 23, &c.) as in that which is supposed to be limited to 
the eye. The retina, in rare cases, presents areas of opacity, 
diffuse and cloudy, or localized and white, and often occur- 
ring along the course of the vessels (PL VIII. 1). When 
the swelling of the retina is very intense it may become 
thrown into folds. On examining such an eye, bright streaks 
will be seen running in different directions, frequently 
arranged radially around the macula, probably due to the 
reflection of the light from the summit of the folds. 

The time taken for the development of these changes varies 
within wide limits. A neuritis may remain for months and 
even years in the slighter degree, or most intense strangula- 
tion may be developed in a few weeks. 

Subsidence of Neuritis.—The gradual subsidence of the 
slighter degrees of neuritis has been already traced. In the 
more intense forms, in which strangulation has occurred, the 
stage of subsidence presents certain peculiar features. The 
venous distension gradually lessens after the strangulation lias 
existed for a time, and the veins may become narrow before 
other signs of strangulation subside. In PI. VI. 1 they are 
much smaller than in the earlier stage of strangulation shown 
in PL VIII. 1. This is probably because the compression of 
the arteries becomes sufficient to lessen the blood-supply to 
such an extent as to permit the veins to recover nearly their 
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normal calibre.    When the strangulation is less intense, the 
commencement   of   subsidence   may   be   attended   with   an 
increase   in   the  mechanical distension   of   the   veins,  and 
increased  narrowing  of the  arteries.    The redness of  the 
swelling lessens, haemorrhages, as a rule, cease to occur,1 and 
some of  the   blood already extravasated   disappears.    The 
tumour lessens in height and in extent, and, if fungiform, 
again becomes conical (PI. VI. 3).    The highest portions of 
the swelling gradually become pale; the sloping sides and 
adjacent  part of   the   retina  may present   a   darkish   dis- 
coloration, into   which the   central pallor  passes  gradually 
(PL   II.   1,   IV.   5,  V.   6,   VI.   3).    The  centre  of  the 
swelling   soon  presents  a   distinct depression,   from  which 
the vessels  emerge often concealed by whitish tissue.    Over 
the swelling the course of the veins becomes more distinct. 
The arteries may be still concealed, their more rigid, straight 
course having caused them to be buried in the new tissue 
more deeply than the veins, which were pushed up before it, 
and the paler tint of the arteries also renders them less con- 
spicuous.    The concealment of the veins beyond the edge of 
the disc is even greater than it was before, in consequence of 
the curve of the inelastic vessels into the retina being increased 
as  the swelling subsides  (PI. VI.  4  and 5).    Slowly  the 
pallor increases and the swelling lessens, although the con- 
striction of the vessels may increase, in consequence of the 
cicatricial contraction of the newly-formed tissue.    Occasion- 
ally, when large vessels appear on the papilla during the 
neuritis,   these  become  tortuous,   and   gradually  disappear 
during subsidence (PI. IV. 5).    As the white area narrows 
to near the limits of the disc, the edge of the choroid and 
sclerotic appear, dimly at first (PI. VI. 4, left edge), then 
more distinctly.    The disc has a white " filled-in " look (PI. 
VI.  5, VIII. 2), the vessels are constricted, and it is very 
long before any central depression is developed on the disc, 
although ultimately the contraction of the fibrous tissue, as 
in other cicatrices, proceeds to an extreme degree, and the 

1 Very rarely fresh hfemorrhages form adjacent to the papilla during the 
stage of subsidence, as in PI. VI. 4. 
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disc may again become hollow (PI. IV. 6). The lamina 
cribrosa is, however, usually permanently veiled, an important 
characteristic of this form of atrophy. The retinal pigment 
and choroid are frequently disturbed near the disc, and a 
zone of irregular pigmentation with slight choroidal atrophy 
is left, causing the disc to have irregular edges, but this zone 
is not always proportioned to the amount of inflammatory 
disturbance, and if slight the disc may ultimately come to 
have a clean-cut edge. At first the disc is usually very 
white, rarely grey, with white lines along the vessels (PI. II. 
2, upper half). When it has reached the retinal level, 
however, although it may appear white to the indirect 
image, a faint grey tint is usually perceptible on direct 
examination, and as the contraction increases this grey tint 
becomes more marked, and the ultimate appearance of 
the disc is usually distinctly grey to direct examination, 
although often white to indirect examination. Yery rarely 
the inflammation may subside irregularly, clearing from one 
part of the disc, while the other still presents the characters 
of neuritis (PL II. 2). 

The retina undergoes certain changes during this period of 
subsidence. Haemorrhages upon it are usually soon absorbed, 
but sometimes undergo transformation into spots of pigment. 
Some extravasations lead to the formation of white spots in 
the retina. This is especially the case near the disc, where 
the nutrition of the retina is always a good deal disturbed by 
the adjacent inflammation. These white spots, which depend 
on fatty degeneration, either of fibrin or of the retinal 
elements, and persist after the blood has been removed, 
commonly originate close to the borders of the neuritic 
swelling; but as the latter subsides and contracts, they are 
left behind, and are often one or two discs' breadth from the 
edge of the sclerotic ring, and they may then puzzle the 
observer from their resemblance in character and position to 
the spots of albuminuric retinitis. A group of such spots, mid- 
way betAveen the disc and macula lutea, is seen in PL VI. 3. 
The degenerative changes which occur when the inflammation 
is very intense, and of wide extent, may leave an appearance 
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strikingly similar to that of the alhuminuric affection. If the 
swelling approaches the macula, degeneration occurs among 
the radiating fibres of the fovea centralis, causing spots 
identical in appearance, and probably in nature, with those 
which in renal disease form the familiar stellate figure around 
the macula. A striking instance of this is shown in PL 
VIII. 2. The distinction, as will be subsequently explained, 
consists mainly in the evidence the disc affords of a consider- 
able antecedent neuritis. Frequently, as the retina becomes 
atrophied, slight pigmentary deposit takes place in it, espe- 
cially around the macula lutea, and sometimes the atrophy 
is accompanied by wide-spread slight disturbance of the 
pigm ent- epithelium. 

When a neuritis has lasted a long time, and the veins have 
been persistently stretched over the swelling, they may be so 
permanently elongated that the subsidence of the neuritis, 
instead of being attended with a diminution in their tortuosity, 
is accompanied by an increase in their curves. This is shown 
in PL VI. 4 and 5, in which also a very rare circumstance 
is presented—the occurrence of recent extensive hemorrhages 
during the stage of subsidence. 

Second Attacks of Neuritis—-If a disc has'become com- 
pletely atrophied it is very rarely again the seat of inflam- 
mation. In one case, however, of a boy aged twelve (under 
the care of Dr. Hughlings-Jackson), who had double optic 
atrophy, and absolute blindness due to intra-cranial disease 
some years previously, distinct double papillitis occurred in 
the atrophied discs, associated with symptoms of intra-cranial 
tumour. When, however, atrophy is partial or absent, in 
rare cases two attacks of neuritis may occur. In one case, 
for instance, a patient suffered without doubt from a cerebral 
tubercle, and died from an attack of tubercular meningitis. 
The former had probably become quiescent, and the neuritis 
which it caused subsided, leaving partial atrophy. The discs 
again became swollen and obscured with the symptoms of 
meningitis. 

rl 
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PATHOLOGICAL ANATOMY.—In the condition described as 
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" congestion with oedema," the microscope reveals less pro- 
minence than was observed during life, because the swelling 

FIG. 8.—Orxic NEURITIS ; NERVE-FIBRE LAYER. 

The fibres are separated by numerous round and oval spaces, due to oedema. 
The nuclei are unduly numerous, and lie in groups, which indicate the 
fasciculi,    (x   150.) 
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FIG. 9.—SECTION THROUGH THE OUTER PART OF AN INFLAMED PAPILLA. 

(a) Pigment-epithelium, {b) Layer of rods and cones, (c, d) The nuclear 
layer, (e) The inner molecular layer. (/) Ganglionic cell layer, (g) The 
greatly swollen nerve-fibre layer, containing many leucocytes, many of 
them surrounding the vessels,    (x 150.) 
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depended on distended vessels and effused serum. The 
nerve fibres are separable with abnormal readiness, and 
are divided by spaces which during life were occupied 
by serum (Fig. 8). The fibres themselves may present 
slight varicosity. There is no increase in the connective- 
tissue elements, and there are no products of degeneration 
of the nerve fibres. The retina is normal to the edge of the 
choroid, its nerve-fibre layer being alone increased in thick- 
ness by the conditions mentioned as causing the swelling of 
the papilla. Sometimes the retinal layers may be displaced 
outwards a short distance. 

In the stage of developed neuritis (Figs. 16—21, &c), 
the microscope reveals a considerable swelling of the 
papilla, often two or three millimetres above the level of the 

' .V-' 
FIG.   10.—SECTION    THROUGH    AN 

ARTERY AND  VEIN IN THE SAME 

PAPILLA. 

{a) Distended   vein ;   (b) contracted 
artery with thick walls. 

FIG. 11.—OPTIC NEURITIS; COL- 

LECTION OF LEUCOCYTES IN A 

PERIVASCULAR SPACE,    (X 150.) 

it 
i'M 

; !l 

FIG. 12.—SECTION THROUGH AN INFLAMED PAPILLA. 

The vessels are distended with corpuscles, and several of them surrounded 
by leucocytes. The nerve fibres, separated by cedema-spaces, course 
upward and to the left, and at right angles to them are seen some 
fine connective-tissue (supporting) fibres,    (x  120.) 
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3 

choroid. There is usually a central depression, which may be 
larger and deeper than the ophthalmoscopic examination sug- 
gested. The swelling may be very distinct to naked-eye exa- 
mination (Figs. 27, 28, p. 65), and hemorrhages may be seen 
upon it. Thus, mere inspection of the fundus after removal 
may show the previous existence of papillitis. The swelling is 
due to several conditions, the relative degree of which varies 
much in different cases :—(1) The vessels, large and small, 
are distended with blood (Fig. 12). (2) Spaces between the 
nerve fibres sometimes indicate the persistence of oedema 
(Fig. 8). (3) Many nuclei are seen, some of which are 
leucocyte-like corpuscles, most abundant around the vessels, 
which may be encrusted by a thick layer (Figs. 9/.-, 11, 12tf, 
&c);    they   are    sometimes    grouped   into    dense    masses 

e 
(SI m m 

Fin. 13.—GRANULE-COBPTXSCXES, &C. 

From the substance of the papilla in a case of optic neuritis.    (Glycerine 
preparation;   x 100.) 

FIG. 14.—VARICOSE NERVE FIBRES 

From an inflamed papilla in a case of tubercular meningitis.    ( x 200.) 

FIG. 15.—DEGENERATION OF NERVE FIBRES. 

From the substance of an inflamed papilla in a case of tumour of the lower 
part of right middle cerebral lobe. Highly magnified. (After Pagen- 
stecher and Genth.) 
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CHANGES   IN   THE   OPTIC   NEItVE NEURITIS. 61 

(Figs. 9 and 17).   Similar corpuscles lie in greatly increased 
numbers between the bundles of nerve fibres.    Some of these 
are nuclei belonging to a system of connective-tissue fibres 
which run at right   angles  to  the  nerve  fibres   (indicated 
in   Figs.   8   and    11).     These   fibres  may  be   themselves 
swollen.      (4)    The   nerve   fibres  present   changes,   which 
contribute,  in   varying   degree,   to   the  production   of   the. 
swelling.    They   are irregularly thickened, and the enlarge- 
ments may be varicose, moniliform, or knob-like  (Fig.  14), 
often containing granules or fatty globules from degenera- 
tion  of  the  myelin.    The   swellings   may  attain  a   large 
size,   as   in   the   accompanying  figure    (Fig.    15).     Free 
aggregations  of  fatty globules  and granules may also  be 
found, commonly   enclosed   in   a   cell  wall   (" granule-cor- 
puscles") (Fig. 13);  they may assume a colloidal appear- 
ance   ("corpora  amylacea").     Many of  these are simply 

OPTIC NEURITIS IN A CASE OF CEREBRAL TUMOUR. 

FIG. 16.-Section through the centre of the papilla, showing the swelling 
of the outer part and a cential depression, almost to the choronlal 
level The nerve fibres can still be traced, separated by leucocytes. 
The same infiltration is to be seen in the nerve. The sheatk is not 
distended, but its lining membrane is infiltrated with leucocytes. 

li :■ 
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FIG. 17—The same papilla near the edge.    On the left the deeper layers of 
the retina are seen thrown into folds.    (See p. 64.) 
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62 MEDICAL   OPHTHALMOSCOPY. 

the detached degeneration-swellings of the nerve fibres. 
They are best seen in glycerine preparations. These 
products of degeneration give rise, by their aggregation r 

to the larger white spots seen with the ophthalmoscope. 
(See Eig. 7.) Other spots are apparently due to aggrega- 
tions of leucocytes. 

The vessels may have their walls thickened by nucleated 
tissue, and sometimes by a clear, finely fibrillated substance 
(Fig. 22). 

The vessels do not usually present any evidence of 
compression in the sclerotic ring, but commonly appear to 
be narrowed, often considerably, in the thickest part of the 
swelling, and the veins are again enlarged as they pass 
down the sides. The veins are usually very large, the 
arteries narrow.    The former, after curving down the sides of 

FIG. 18.—SECTION OF THE PAPILLA IN A CASE OF CEREBRAL TUMOUR. 

There is considerable swelling, greater on one side.    The commencement of 
the retina  is  displaced  some distance from the   edge of the  sclerotic 
ring.    Infiltration of leucocytes in the papilla and nerve-sheath, but the 
latter not distended.    ( x   20.) 

FIG. 19.—SECTION THROUGH THE MIDDLE OF THE SAME DISC. 

The central depression remains, although much narrowed. The central 
vein is seen divided longitudinally. Neither in the sclerotic ring nor 
behind it does the vein present any trace of compression,    (x   8.) 

« '< 
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CHANGES   IN   THE   OPTIC   .NERVE NEURITIS. 63 

the swelling, descend into the substance of the swollen retina, 
even into the nuclear layers, and rise again into the layer of 
the nerve fibres. Sometimes two such curves may exist (Fig. 
23). The retina is displaced from the edge of the ehoroid, 
often as far as a millimetre from the sclerotic ring. Its layers 
at the commencement usually present considerable change. 
The nerve-fibre layer is thickened by a slighter degree of 
the changes which cause the swelling of the disc. The 
nuclear layers are increased in thickness and often blended 
together, and the nuclei more or less separated and grouped 

FIG. 20. FIG. 21. 

FIGS 20 AND 21.—SECTIONS THROUGH THE PAPILLA IN A CASE OF OPTIC 

NEUBITIS DUE TO CHRONIC CEREBBITIS. 

(Case published by Dr. H. Jackson in " Ophth. Hosp. Rep.," vol. viii. p. 
445.) The papilla is slightly swollen, and has displaced the retinal layers. 
In Fig. 20 a vein is seen becoming compressed in passing through the 
inflamed retina, but it will be noted that in Fig. 21 there is no sign of 
compression, as the central nerve passes through the sclerotic ring. 
( x  15.)    See also chapter on " Softening of the Brain." 

Ym. 22. PART OF A SECTION OF AN INFLAMED PAPILLA IN A CASE OF 

OPTIC NEURITIS. 

An artery (below) and a vein (above) exhibit thickening and fibrillation of 
their outer coats. Below is a small vessel showing similar changes. The 
surrounding tissue is infiltrated with leucocytes,    (x   100.) 
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64 MEDICAL   0PHTHALMOSCOPY. 

into vertical columns by the displaced fibres of Muller (Fig. 
9). The retina may present (as here) slight curves due to 
its displacement, most marked in its outer (deepest) layers, 
and effecting detachment of the retina, the space between the 
baciilary layer and choroid being occupied by serum. These 
curves may be visible with the ophthalmoscope as pale bands, 
parallel to the edge of the papilla (PI. VII. 1). 

FIG. 23.—SECTION THROUGH THE SWOLLEN PAPILLA IN A CASE OF 

OLD CHRONIC MENINGITIS, WITH INFLAMMATORY GROWTHS IN THE 

CONVEXITY OF THE BRAIN.    (See PI. VI. 2 and Fig. 33.) 

At the edge of the swelling a large vein forms two vertical curves in the 
substance of the thickened retina, the lower curve reaching the inner 
nuclear layer. The retinal layers are displaced. On the right side the 
pigment-epithelium has disappeared in the portion from which the 
retina has been pushed away ; on the left side the epithelium persists 
in this situation,    (x  15.) 

*i**ZvSs3£^"<**£i*i' •*s» 

FIG. 24.—SECTION THROUGH THE RETINA, 

Some distance from the disc in the same case. The vein occupies two-thirds 
of the thickness of the retina, and in one or two places has encroached on 
the nuclear layers.    ( x 50.) 

S*;rS*" 

FIG. 25.—SECTION THROUGH A HEALTHY OPTIC NERVE. 

For comparison with the subsequent figures. 
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CHANGES   IN   THE   OPTIC   NERVE NEURITIS. 6£ 

The pigment-epithelium may persist up to the edge of 
the sclerotic, or it may disappear in the area from which 
the retina has heen displaced (Fig. 23). Often the 
choroid undergoes atrophy close to the edge of the 
sclerotic. 

The changes in the papilla always hecome much slighter at 
the sclerotic ring, and may appear to cease there. Commonly, 
however, large numhers of nuclei lie among the nerve bundles 
in and just behind the lamina cribrosa, where such nuclei are 
in health most abundant. The sclerotic ring may appear 
distended, the nerve tissue occupying closely its funnel-shaped 
area.    The appearance of distension is partly, if not entirely, 

*8? 

FIG. 26.—TRANSVERSE SECTION  THROUGH  THE  OPTIC NERVE  HALF AN 

INCH BEHIND THE EYE. 

In a case of early optic neuritis.    Thickening  and infiltration  of sheath. 
Very little change at present in the nerve,    (x  150.) 

ft "i: 

N 

!    1 

FIG. 27. FIG. 28. 

POSTERIOR SEGMENT OF EYEBALL AND OPTIC NERVE. 

From a case of chronic traumatic meningitis, showing the distension of the 
sheath of the nerve and the swelling of the papilla.    (Natural size, after 
Pagenstecher and Genth.) 
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I 

due to the shape of the ring, as may be seen by comparing 
Fig. 17 with Fig. 23. In the latter the appearance of 
excavation of the edge of the sclerotic is present on the 
right side only, and an interval exists between it and 
the nerve fibres, occupied only by the fibres of the lamina 
cribrosa. 

The sheath of the optic nerve is often distended with 
fluid, sometimes slightly, sometimes considerably. The dis- 
tension is greatest a short distance behind the eye, and 
narrows close to the sclerotic, having thus a pyriform shape 
(Fig. 27). In cases of old neuritis the sheath may be 
enlarged but empty, showing previous distension. Micro- 
scopically the nerve may appear normal, the nuclear increase 
near the lamina cribrosa being absent farther back. More 
commonly signs of inflammation may be traced throughout 
the nerve ; the nuclei are increased in quantity, its trabeculae 
thickened and the vessels distended (Figs. 29 and 30). 
The inner sheath is often crammed with nuclei, and the 
connective tissue between the inner and outer sheath 
increased (Fig. 26). The nerve fibres may present evi- 
dence of degeneration (Figs. 29 and 30). These changes, 
slight or considerable, may often be traced back as far as 
the chiasma, in front of  which they are sometimes much 

c 

Fi<i. 29. —SECTION THROUGH THE 

OPTIC NERVE, JUST BEHIND THE 

SCLEROTIC. 

{Fl. III. 3). The nerve fibres present 
only an irregular granular appear- 
ance, the axis cylinders being no 
longer demonstrable. The sheath 
presents many compressed nuclei, 
(x  120.) 

FIG. 30. — TRANSVERSE SECTION 

THROUGH THE SAME OPTIC NERVE, 

JUST IN FRONT OF THE COMMIS- 

SURE. 

The sheath of the nerve (on the left) 
contains dilated vessels, and large 
numbers of leucocytes, which are 
also very abundant in the inter- 
fascicular septa,    (x   120.) 
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CHANGES   IN   THE   OPTIC   NERVE NEURITIS. 0/ 

more intense than anteriorly, and are most intense near the 
surface of the nerve. This is seen especially in cases of 
meningitis, and affords evidence of extension of inflammation 
from the meninges. An increase of nuclei is sometimes to 
be traced into the chiasma, and even into the optic tract 
(Fig. 32), where the corpuscles may even be aggregated 
into groups that have been termed "miliary abscesses" 
(Fig. 33). 

During the progressive subsidence to atrophy, there is a 
diminution of the cellular elements in the papilla, probably, 
in part, in consequence of their transformation into fibres. 
The products of the degeneration of the nerve fibres are 
slowly removed. Ultimately the substance of the papilla 
appears to consist of a felty mass of interlacing fibres 
sprinkled with nuclei, in which at last scarcely any indica- 
tion of nerve fibres is to be traced. 

SYMPTOMS.—Subjective symptoms may be entirely absent, 

FIG. 31.—LONGITUDINAL SECTION OF THE OPTIC NERVE, FROM A CASE OF 

OPTIC NEURITIS, 

Showing the irregular outline of the   degenerating nerve fibres, and the 
infiltration of leucocytes between the fasciculi,    (x  120.) 

FIG. 32.—LONGITUDINAL SECTION 

THROUGH THE OPTIC TRACT, IN 

A CASE OF OPTIC NEURITIS. 

There is increase in the connective 
tissue corpuscles between the 
fibres (x 150.) 

FIG. 33.—SECTION THROUGH THE 

OPTIC TRACT IN A CASE OF 

CHRONIC MENINGITIS. 

Shows aggregation of leucocytes into 
a "miliary abscess," such as is 
seen in the medulla in cases of 
hydrophobia     (x  100.) 
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68 MEDICAL   OPHTHA.LMOSCOPY. 

even when the inflammation of the papilla is of considerable 
intensity, as was first pointed out by Hughlings-Jackson. 
Vision may be unimpaired—acuity and colour-vision being 
perfect, and the field unrestricted. An increase in the 
size of the blind spot may usually be ascertained by 
mapping it out with the perimeter,.but of this the patient 
is unconscious. The degree of neuritis which may exist, 
with no impairment of acuity of vision, is remarkable. 
In the cases shown in PI. I. 4, 6, III. 5, IV. 1, 3, Y. 1, 
2, VI. 4 and 5, when the drawing was made, the acuity 
of vision was scarcely or not at all impaired. It is 
often said that " descending neuritis " causes much earlier 
affection of sight than limited intra-ocular papillitis. But 
acuity of vision may be unimpaired even with a considerable 
degree of descending neuritis. In more intense cases, how- 
ever, sight is impaired or lost, and this constitutes the chief 
subjective symptom. Photophobia and pain in the eye are 
very rare in optic neuritis. Pain in the head may occur in 
cases of apparently primary papillitis : it is, of course, a very 
common accompaniment of symptomatic inflammation, but 

FIG. 34.—DIAGRAM OF THE FIELD OF VISION IN A CASE OF SUBSIDING 

OPTIC NEURITIS IN CEREBELLAR TUMOUR, LEFT EYE. 

The outer boundary of the figure is the limit of the average normal field. 
Vision was lost in the shaded area, preserved only within the inner line 
around the fixing point, the position of which is indicated by the 
asterisk. 
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CHANGES   IN   THE   OPTIC   NERVE NEURITIS. 69 

is then generally, to be accounted for by the intra-cranial 

disease. 
The affection of vision usually occurs earlier in the one eye 

than it does in the other. It may come on rapidly or slowly 5 
never suddenly. Sometimes the rapidity of its progress may be 
great; sight may fail completely in the course of a few days. 

Eestriction  of the visual field usually accompanies con- 
siderable  change in the acuity  of vision.    It may be ex- 
tensive, and often reaches its height during the^ stage  of 
subsidence.      Only  a  small  area  around  the  fixing  point 
may remain, as in the diagram (Fig. 34), from a case of 
subsiding  neuritis in  cerebellar tumour.     Occasionally the 
limitation of the field of vision may be irregular, one part 
being more   or  less affected than the rest, as in Fig.  35, 
in which the upper part only is restricted.    In some cases 
a change in  the field  of  vision,  due  to   tbe  intra-cranial 
disease, may accompany the peripheral limitation due to the 
optic neuritis, as in the diagrams (Figs. 36 and 37) of the 
fields of vision in a case in which hemianopia, owing to the 
intra-cranial disease, accompanied the peripheral limitation. 

FIG.   35.—DIAGRAM   OF FIELD  OF VISION,  SHOWING LIMITATION 

ABOVF. ONLY, 

From a case of unilateral optic neuritis, probably due to cerebral syphiloma. 
There was amblyopia, but no neuritis of tbe other  eye.    Both  discs 
subsequently became atrophied. 
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70 MEDICAL   OPHTHALMOSGOPY. 

Not ^infrequently there is marked peripheral amblyopia, and 
a small object cannot be recognized in the periphery, although 
a large object, as the hand, is well seen. The increase in size 
of the blind spot is proportioned to the size of the papillary 
swelling. The accompanying diagram (Fig. 38) shows its 
area in a case of optic neuritis figured in PL IY. 3. It is a 
little, but not much, larger than normal. 

When there is distinct amblyopia there may be a defect in 

H1SHT 

FIG. 37. 

DIAGRAMS OF THE  FIELDS  OF  VISION IN A CASE  OF  HEMIANOPIA AND 

DOUBLE OPTIC NEURITIS. 

Probably due to a cerebral syphiloma. The asterisk represents the fixing point, 
the dot the position of the blind spot. The outer boundary of the 
shading is the normal limit of the field, the shading the area in which 
sight was lost. There is seen to be loss of the whole right half of each 
field, with concentric limitation of the left halves. 

t '■ 

FIG. 38.—DIAGRAM OF THE   BLIND   SPOT (SHADED AREA) IN A CASE OF 

OPTIC NEURITIS. 

From a case of tumour (probably a syphiloma) in the left ascending parietal 
convolution (see also PI. IV. 3). 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



CHANGES   IN   THE  OPTIC   NERVE—NEURITIS. 71 

colour-vision, and the latter may exist even when acuity of 
vision is very little impaired.    The order of loss is sometimes 
(as in atrophy, q. v.) that of the normal peripheral arrange- 
ment of the colour fields in the accompanying figure (Fig. 39), 
red and green being lost before yellow and blue.    Thus in a 
case  under the late Dr. Eadcliffe, of a girl  aged  eleven, 
who had optic neuritis of both eyes, there was little limita- 
tion of the field for white.    The only colour which she could 
name accurately was yellow.    Light shades of other colours 
were  called  white,   deep   shades  black.     More  frequently, 
however, the loss is irregular.    In three  cases I have seen 
yellow alone lost.    In a case of severe neuro-retinitis due to 
chlorosis, at one time, yellow was alone lost in one eye, and 
in the other eye yellow, blue, and green were lost, red being 
seen; and recovery was in the order of the fields, the yellow 
last.    Now   and  then   colour-vision may be little  affected, 
even  when  there  is   considerable   peripheral   limitation   of 
the field of vision. 

FIG. 39.—DIAGRAM SHOWING THE FIELDS OF COLOUR-VISION IN A NORMAL 

EMMETROPIO EYE ON A DULL DAY.
1 

The fields  are  each rather smaller than on  a  bright day.    The  asterisk 
indicates the fixing point, the black dot the position of the blind spot. 
(Usually the blue field is larger than the yellow.)    See the section on 
"Atrophy of the Optic Nerve." 

1 I am indebted to Mr. Nettleship for the charts from which this diagram 
was made. 
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When sight is completely lost, the sensibility of the retina 
to electrical stimulation may or may not be impaired. It 
may be lost during blindness, and return with some recovery 
of sight. 

It is very important to be aware as far as possible of the 
mechanism by which sight is impaired, since the prognosis 
must, in the main, depend thereon. The loss of sight which 
occurs in cases of idiopathic isolated papillitis is, of course, 
due to the process which can be seen with the ophthalmoscope. 
But the papillitis which occurs in intra-cranial disease may 
be accompanied with loss of sight due, not to the intra-ocular 
changes, but to mischief in the course of the optic fibres or 
in the centres with which they are connected. The first point 
to ascertain, therefore, is whether the amblyopia is due to 
the intra-ocular changes or to mischief farther back. It is 
not always possible to determine this point, but very often an 
accurate opinion may be formed. 

Concomitant affection of sight from intra-cranial processes, 
it may be thought, should be more frequent in cases of 
descending neuritis, than in cases of supposed isolated 
papillitis ; because descending neuritis is due to, and involves, 
organic changes in the optic path. This is true, but this 
distinction does not afford much assistance, because it is not 
often that we can rely upon the ophthalmoscopic distinction 
between descending and isolated neuritis. 

Another distinction is derived from the manner in which 
the loss of sight comes on. Blindness from optic neuritis 
never comes on suddenly; it occasionally, though rarely, 
comes on suddenly in concomitant brain disease. From optic 
neuritis, however, as just stated, it may come on in the course 
of two or three days. More important indications are 
derived from the form in which sight is lost, A symmetrical 
hemiopic defect in the field (such as in Figs. 36 and 37) 
means an intra-cranial cause; and unsymmetrical lateral 
defect, especially a loss of the temporal halves (as Figs. 40 
and 41), ordinarily means pressure on the chiasma, a very 
common cause of blindness in these cases, the pressure being 
exerted  by a  distended third ventricle.    Complete  loss of 
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CHANGES   IN   THE   OPTIC   NERVE NEURITIS. 73 

sight of one eye, and loss of the adjacent half of the other 
field (as in Figs. 42 and 43), is hypothetically of cerebral 
origin.1    A peripheral restriction of the fields usually means 

l-EFT RIGHT 

FIG. 40. FIG. 41. 
DIAGRAMS OF THE FIELDS OF VISION IS A CASE IN WHICH SIGHT WAS 

PROBABLY  LOST  FROM  PRESSURE  ON  THE  CHIASMA. 

The  shaded  area  indicates  the  part  in which vision was  lost—viz.,   the 
temporal portions of both fields,—the  nasal portions alone persisting 

•    ("temporal hemianopia "). 

FIG. 43. 

DIAGRAMS OF THE FIELDS OF VISION IN  A CASE OF LOSS OF SIGHT AND. 

DISEASE OF THE EIGHT CEREBRAL HEMISPHERE. 

Loss of the whole of the left field and of the left half of the right, with a 
little peripheral defect on the temporal (right) side. 

1 The loss may be explained on the unproved hypothesis of Charcot that 
there is a secondary decussation at the corpora quadrigemina, complementary 
to the approximate semi-decussation which certainly takes place at the 
chiasma. Thus an extensive lesion at the posterior part of one optic 
thahamus would destroy the fibres which had crossed to that side at both 
decussations {i.e., all from the opposite eye) and those which were about to 
decussate at the corpora quadrigemina from the eye on the same side. The 
only uninjured fibres would be those from the inner half of the retina, on the 
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74 MEDICAL   OPHTHALMOSCOPY, 

damage in front of the optic commissure, and, in most cases 
of intra-ocular neuritis, damage from the visible changes. 
A central scotoma is observed only when there is a con- 
spicuous lesion at the macula lutea, or in cases of primary 
retro-ocular (axial)  neuritis. 

Lastly, important assistance is derived from the degree of 
intra-ocular damage—is it sufficient to account for the loss of 
sight ? The question is one difficult in many cases to answer, 
and an approximate answer can only be afforded by a 
knowledge of the conditions on which the loss of sight, in 
these cases, depends. The study of intra-ocular neuritis in 
relation to affection of sight makes it probable that vision 
may suffer in two ways, apart from the involvement of the 
retina. The first is damage to the nerve fibres by the process 
of inflammation around them. We know that acute inflam- 
mation has a tendency to stop the conducting power of nerve 
fibres, apparently by some direct damage to their finer struc- 
ture, and that the subsidence of the inflammation may be 
followed by a recovery of function. The second is by pressure 
on the fibres by the products of inflammation. This occurs 
both during the inflammation and while it is subsiding. 
During subsidence, the newly-formed elements are undergoing 
a transformation into contracting fibrous tissue. A similar 
compression probably also occurs during the height of the 
inflammation, from the excessive amount of tissue produced, 
because at that period loss of sight may often be observed to 
coincide with a marked increase in the '* strangulation " of 
the swollen disc. Damage to vision from compression of the 
fibres during subsidence of the neuritis is very common and 
very serious. It may cause considerable damage to sight 
which has been unimpaired by the active neuritis, and it con- 
stantly succeeds and intensifies impairment by inflammatory 
compression during the active stage. The amblyopia which 
occurs during the height of the inflammation may lessen as 
the inflammation subsides, and be again renewed by the con- 
traction of the new tissue as the subsidence of the swelling 

same side as the cerebral lesion, fibres which had crossed at the chiasma to 
the opposite hemisphere. 
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advances. The latter constitutes by far the greatest danger, 
because the contraction which causes it continues, and increases 
for a long time, and the amblyopia due to it usually continues 
and increases until, and even after, the disc has reached its 
normal level. The progress of the amblyopia from this 
cause may, however, be interrupted by the recovery of 
fibres damaged only during the active inflammatory stage, 
and when the amount of new tissue formed is small in 
proportion to the irritative changes in the disc (as in many 
cases of syphilitic disease duly treated), a considerable in- 
flammatory amblyopia may clear away and be followed by 
very slight consecutive defect. The latter is usually more or 
less permanent, but, after it has reached its height, consider- 
able subsequent improvement does, in some cases, slowly 
occur (see p. 130). 

Not unfrequently after a neuritis has subsided, with or 
without impairment of vision, a further loss of sight, complete 
or incomplete, may occur from infra-cranial causes without 
any fresh ophthalmoscopic appearances. It will thus be seen 
that a considerable disparity between the affection of sight 
and the course of the papillitis indicates the influence of retro- 
ocular mischief. A good illustration of this is afforded by 
the i se figured in PL VII. 1 and 2, in which the papillitis 
was unilateral, the other eye presenting normal characters 
throughout; but the sight of both eyes failed after the 
subsidence of the papillitis (see Fig. 35). 

CAUSES.—The most common causes of optic neuritis are 
encephalic diseases, and of these tumour is incomparably the 
most frequent. Neither the nature, size, nor the seat1 of the 
tumour appears to exercise much influence on the occur- 
rence of neuritis.    The next most frequent cause is certainly 

1 From an analysis of cases made by Edmunds and Lawford it would appeal- 
that, ceteris paribus, tumours near the convexity of the brain are somewhat 
less liable to cause optic neuritis than those situated near the base. Cerebellar 
tumours seemed particularly prone to excite optic neuritis, often of a severe 
type. Of twelve cases of primary tumour of the cortical motor area, on the 
other hand, not one was associated with optic neuritis ("Trans. Ophth.. 
Soc," vol. iv. 1884, p. 172). 
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meningitis, and then come abscess of the brain, hydatid 
disease of the brain, and softening of the brain from vascular 
obstruction. In some cases it appears to result from an 
irritative process in the brain, revealed only by the micro- 
scope (see Part II., " Inflammation of the Brain "). It also 
accompanies, in rare cases, acute diseases of the spinal cord. 
Other causes, outside the nervous system, are—albuminuria, 
lead and tobacco poisoning, certain febrile diseases, anaemia 
(especially from loss of blood), and certain other morbid blood 
states. It may probably occur as an idiopathic affection, 
without obvious exciting cause, or from disturbances of men- 
struation, or exposure to cold. In all these cases it is, as a 
rule, double ; now and then, in cerebral disease, and after 
acute febrile diseases and loss of blood, it may be single. 
Unilateral optic neuritis may result from mischief in the 
posterior portion of the orbit—inflammatioa or growth 
invading the optic nerve. 

In the general diseases, such as albuminuria, lead poisoning, 
ansemia, &c, optic neuritis is often associated with encephalic 
symptoms. In a case of lead poisoning (PI. VII. 6), the 
neuritis was associated with great mental excitement, and 
so also in a case of albuminuria (PI. IX. 2), while in the 
similar case figured in PL IX. 3, intense headache was 
present. It seems probable that, in these cases, either the 
cerebral disturbance is concerned in the production of 
neuritis, or the neuritis and cerebral disturbance may be 
the indication of a general effect of the toxaemia on the nerve 
tissues. 

DURATION.—The duration of optic neuritis varies very 
much in different cases. The cases of most rapid course may 
reach their height in two or three weeks, maintain it for 
about the same time, and then subside. These are of two 
classes—the most trifling, and the most severe. The former 
are, for the most part, those which depend on a cerebral 
condition which soon subsides, such as a transient attack 
of meningitis, or syphilitic or scrofulous disease, which is 
influenced by treatment before the neuritis reaches its height. 

c ' 
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Now and then, however, a neuritis rapidly subsides, although 
the cerebral disease progresses. But this is the rare exception. 
In these transient cases the subsidence may occupy the same 
time as the development—two or three weeks—and be 
complete; so that at the end of six or eight weeks the discs 
are again normal. In some very intense cases, such as that 
of apparently idiopathic neuritis figured in PI. VIII., the 
development of the affection may be equally rapid, an intense 
degree of swelling being soon attained, and subsidence 
commencing in a few weeks. In these cases, however, 
the retrocession of the neuritis is always slow, and commonly 
occupies many weeks; often months pass before the edges 
of the disc are again perceptible. In two cases of cerebral 
abscess, where the pus was evacuated by an operation, the 
neuritis, which was extreme, subsided in a little more than 
a fortnigbt. 

On the other hand, the course of neuritis may be so chronic 
that months, even a year, may pass without the least change 
in the condition of the discs being perceptible  (for instances 
of  this see cases 23, 24, and 26 in former editions of this 
book).    Most cases of this extreme chronicity.that have come 
under my observation have accompanied symptoms of bram 
disease which were not, in themselves, suggestive of " coarse " 
brain disease, tumour, &c.     But in some cases an equally 
chronic neuritis may accompany tumour.    That shown, for 
instance, in PI. V. 1 and 2 presented no alteration, tested by 
comparison with the drawing, for eighteen months, and two 
years later was still marked, the red, congested half being 
similar in area, although on the clearer half the disc had 
become grey, and sight was lost.    It is to be noted that in 
this case the  symptoms of tumour, although intense, also 
progressed very slowly, and the chronicity of the neuritis 
probably may be taken as an indication of chronicity of the 
cerebral disease.    The converse proposition, however, that all 
forms of very chronic brain disease entail a chronic form of 
neuritis, does not, by any means, hold good. 

In  most   cases  the   duration  of  neuritis is intermediate 
between the   extremes   mentioned,   reaching  its   height  in 
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a month or two, and often remaining for some weeks or 
months with little change, and then subsiding. A rapid 
strangulation usually precedes subsidence at no long period, 
the products of inflammation perhaps checking the inflam- 
matory process. 

THE   EELATION   OF   OPTIC   NEURITIS   TO   ENCEPHALIC 

DISEASE.—The  first  definite  theory of the mechanism by 
which intra-cranial  disease   acts was   put  forward  by von 
Grraefe in 1859,1 and further developed by him in 1866.2    It 
was founded on the observation that in some cases of intra- 
ocular neuritis,  with haemorrhages, in cerebral tumour, no 
signs of inflammation were perceptible on naked-eye exami- 
nation in the trunk of the optic nerve ; whereas, in a case of 
meningitis in which the ophthalmoscopic changes had been 
less intense, inflammation of the nerve trunk was found by 
Yirchow—inflammation which was naturally assumed to have 
been communicated to the optic nerve from the inflamed 
meninges, and to have descended the nerve to the eye.    This 
condition von Graefe designated " descending neuritis," and 
gave as its characteristics a slight degree of change in the 
discs and a tendency to invade the adjacent retina.    On the 
other hand, the  cases  of tumour, with great intra-ocular 
change, haemorrhages, &o., and no evidence of inflammation 
in the optic-nerve trunks, he explained by the theory that 
they were due to the effect on the circulation of the eye of 
the increased intra-cranial pressure, which he assumed to be 
invariable in these cases, and to obstruct the return of blood 
from  the  eye  by  compressing  the   cavernous  sinus.     He 
suggested further that this mechanical effect  was  greatly 
intensified by the unyielding character of the sclerotic ring, 
which would act, he assumed, as a multiplier of the mechani- 
cal obstruction.    In accordance with this view he applied to 
the condition of disc met with in these cases—considerable 

1 In a communication to the Societe de Biologie of Paris in November, 
1859 ("Gazette Hebdom.," 1859), and more fully described in the "Arch. 
f. Ophth.," vii. 1860, pt. 2, p. 58. 

2 "Arch. f. Ophth.," xii. p. 100. 
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swelling with haemorrhage and vascular distension — the 
term " stauungs-papille " (stauung, a damming back), in dis- 
tinction from the " descending neuritis." In this country, 
by the suggestion of Clifford Allbutt, the term " choked 
disc" has come into use as a synonym for " stauungs- 
papille." 

It  was   soon   pointed   out   as   strange   that   an   actual 
inflammation should result from a mechanical congestion, and 
as still more  strange  that  the  inflammation thus  excited 
should remain limited so nearly to the papilla.    But graver 
difficulties  awaited this  theory of  the   "stauungs-papille." 
It was found  that  the  ophthalmoscopic  signs of  the two 
forms of neuritis could not always be relied upon.    The con- 
dition supposed  to   be characteristic of descending neuritis 
was discovered, in some cases, to be but the first stage of that 
supposed to indicate mechanical obstruction.    It was found, 
also, that when the character of one of the two forms was 
clear the necropsy might show the  case to be really one 
of the other variety.    Cases of this character were frankly 
published by von   Grraefe, although he  still held that the 
distinctions were, in the majority of cases, accurate, and the 
supposed  mechanism  of the   " stauungs-papille"   effective. 
This theory, however, was destroyed in its substantive form in 
1869 by the demonstration by Sesemann1 that the communi- 
cation between the supra-orbital and the facial veins was so 
free that the effect of pressure on the cavernous sinus was at 
once relieved, and did not cause more than a very transient 
fulness of the retinal veins, and that even obliteration of the 
cavernous  sinus   produced  no   intra-ocular  changes.     Tbis 
has since been well corroborated, as, for instance, by a case 
recorded by Hutchinson, in which no distension of the retinal 
veins was produced, although the cavernous sinus was com- 
pletely obliterated by the pressure of an aneurism.    It has, 
indeed, been said that the openings from the orbital into the 
facial vein are often larger than the communication with the 
cavernous sinus. 

1 "Reichert u. Du Bois Reymond's Archiv," 1869, p. 154. 
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It was discovered by Schwalbe1 that the subvagiual space 
around the optic nerve is, at the optic foramen, continuous 
with, and can be injected from, the subdural space around the 
brain.2 This gave significance to some earlier observations of 
Stellwag von Carion3 and Manz4 that the sheath of the nerve 
may be distended in optic neuritis from tumour and menin- 
gitis. The two facts suggested to Schmidt5 that intra-cranial 
pressure may influence the intra-ocular termination of the 
optic nerve by this mechanism, since, as already described, 
the distension of the sheath is greatest just behind the globe. 
The theory received support from Manz,G who showed how 
frequent distension of the sheath is in optic neuritis, and 
believed it to be invariable in cases of increase of intra-cranial 
pressure or increase of subarachnoid fluid. He urged that 
the simple pressure on the nerve and vessels might cause the 
intra-ocular changes, and endeavoured, by experiment on 
animals, to demonstrate this effect of the vaginal distension. 
Injections into the subdural space passed into, and distended, 
the sheath, and caused fulness of the retinal veins, and in some 
cases transient redness and swelling of the papilla. 

Schmidt, however, found that a coloured liquid injected 
into the sheath passed into lymph spaces in the nerve at 
the lamina cribrosa, and he suggested that neuritis is pro- 
duced, not by the simple pressure outside the nerve, but by 
the influence, perhaps irritation, of the liquid passing into 
these lymph spaces. The theories of Schmidt and Manz have 
been largely accepted in Germany as affording the most 
satisfactory explanation of the origin of optic neuritis. 
Leber,7 while adopting the view that the distension of the 

1 „ Centralblatt f. Med. Wiss.," 1869, p. 465. "Arch. f. Mikroskop. 
Anat.," Bd. vi. 1870, p. 1. 

2 It has been stated by Parinaud that the communication is with 
the subarachnoid, not with the subdural space (" Ann. d'Oculistique," 
vol. lxxxii. 1879, p. 25). 

3 "Ophthalmologie," vol. ii. 1856, p. 612. 
4 "Zehender's Monatsbl.," vol. iii. 1865, p. 281. 
5 Of Marburg, now Schmidt-Rimpler. "Arch. f. Ophth.," vol. xv. 

1869, p. 193. 
6 "Deutsch. Arch. f. Klin. Med.," vol. ix. 1871, p. 339. 
7 Discussion at the International Medical Congress, London, 1881. 
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sheath is the immediate excitant of neuritis, doubts the theory 
of Manz, that the fluid acts by mechanical pressure, and 
rejects the effect on the lymphatic spaces assumed by Schmidt, 
on the ground that his own and other investigations have 
failed to confirm the asserted communication of these spaces 
with the sheath. Leber suggests that the fluid in the sheath 
excites neuritis, by conveying pathogenic material to the optic 
nerve behind the eye. Deutschmann1 has recently published 
experimental evidence in favour of Leber's view, and in 
opposition to the theory of "choked disc" from the distension 
of the nerve-sheath. 

It was suggested in 1863 by Hughlings-Jackson,2 that 
intra-cranial tumour causes optic neuritis by its irritating 
effect, acting as a " foreign body," and this view was sup- 
ported a little later by Brown-Sequard, who compared the 
origin of neuritis in intra-cranial tumour to the production of 
atrophy of the optic nerve by a distant source of irritation. 
It was more precisely formulated by Benedikt3 in 1868, by 
ascribing the mechanism to the vaso-motor nerves, and it is 
sometimes termed his theory.4 This view assumes that the 
tumour acts as a source of irritation, producing: a reflex 
influence through the vaso-motor nerves upon the optic disc, 
and thus leading to its inflammation. It has been rejected 
by most writers on the grounds stated by Leber,5—that 
it involves a mechanism not known to exist, and a com- 
plex relation of the optic nerve to all parts of the brain 
difficult to conceive ; and by Clifford Allbutt, on the ground 
that he has failed to find around tumours the signs of 
irritation. The theory is, however, still held by Hughlings- 
Jackson   as  that  which   best   explains   the  phenomena   of 

1 "On Optic Neuritis, especially the so-called Choked Disc, and its connec- 
tion with Brain Diseases." Jena, 1887, and " Oph. Rev.," vol. vi. 1887, 
p. 107. 

2 " Ophth. Hosp. Rep.," vol. iv. 
3 "Allg. Wien. Med. Zeit," 1868, No. 3. 
4 Schneller, in 1860, put forward a similar theory when he suggested that 

some retinal changes in intra-cranial disease might be due to a "primary 
affection of the centres of those nerves which regulate the course of the 
blood in the ocular vessels."—"Arch. f. Ophth.," Bd. vii. 1860, I. p. 71. 

5 In "Graefe u. Saemisch's Handbuch," Bd. v. 
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neuritis ; he has always urged that the occurrence of optic 
neuritis is not related to increased intra-cranial pressure. 
Gralezowski believes that neuritis is always descending, 
and first maintained, contrary to previous observers, that 
the intra-ocular change is in all cases the visible mani- 
festation of an inflammation propagated by continuity from 
the brain. Edmunds and Lawford are of opinion that optic 
neuritis, when due to an intra-cranial cause, is secondary to 
basal meningitis, and that the inflammation reaches the 
substance of the nerve-trunk through its sheath.1 Lastly, 
Parinaud'2 asserts that neuritis is invariably the effect of dis- 
tension of the ventricles of the brain, which causes general 
cerebral oedema, and of this both the distension of the 
sheath and the papillitis are equally part. 

The clinical and pathological evidence bearing on these 
views may be briefly reviewed. 

The first point to be borne in mind is that optic neuritis 
limited to,  or at least most  intense in, the optic papilla, 
may occur without any obvious intra-cranial disease.     The 
intense  neuritis   shown   in   PI. VIII. 1 was   apparently a 
primary  papillitis,   involving   the  retina   only  secondarily, 
due to anamiia.    This patient had no symptom of cerebral 
disease,   save   some   headache,   during   two   years   she   re- 
mained under observation.    The neuritis reached its height 
in about   a fortnight  from  its   commencement,  a rapidity 
which is seen in neuritis from intra-cranial disease only in the 
most acute cerebral affections; this circumstance, with the 
absence   of   cerebral   symptoms,    excludes   the   supposition 
that there existed intra-cranial disease.    Limited papillitis 
is now known to occur   in   simple   anaemia.    From   these 
considerations it seems to follow that the intra-ocular ter- 
mination of the optic nerve is a structure, for some reason 
which we do not know, peculiarly prone to suffer inflamma- 
tion.    The common localization of the inflammation to the 
papilla points also to the same fact. 

1 ''Trans.   Ophth. Soc," vol. i. p. Ill ; vol. iii. p. 138 ;   vol.  iv. p. 172 ; 

vol. v. p. 184 ; vol. vii. p. 208. 
-See "Graefe IT. Saeniisch's Handbuch," Bd. v.; "Ann. d'Ocul.," t. lxxxii. 
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The facts of medical ophtkalnioscopy certainly make it 
difficult to connect papillitis with increase of intra-cranial 
pressure. If we consider the cases in which intra-cranial 
pressure is raised to the highest point it ever reaches—chronic 
hydrocephalus—we find optic neuritis the rare exception, 
and, when it occurs, never intense. The difficulty cannot 
be met by attributing it to the slowness with which the 
pressure is raised, because the growth of many tumours, 
which cause intense optic neuritis, is equally slow. 

On the other hand, as I have many times seen, in cases 
of tumour with neuritis there may be no sign of increased 
intra-cranial pressure during life or after death. " In these 
cases of vast tumours, the optic neuritis does not differ from 
that caused by small tumours at the vertex of the brain, 
which cannot exercise pressure of any consequence at the 
base." " The neuritis runs through its stages, and the swelling 
of the discs subsides, although the intra-cranial pressure goes 
on increasing."1 There may also be signs of increased pressure 
in tumour without optic neuritis. But, while pressure upon 
the cavernous sinus cannot be regarded as the cause of neu- 
ritis, its influence on the retinal vessels cannot be altogether 
excluded. Experiments show that a quickly induced increase 
of pressure within the skull causes a transient distension 
of the retinal and papillary vessels. In tubercular menin- 
gitis (q.v.) Grarlick's careful observations2 have shown that, 
while papillitis is not, fulness of veins is related to au 
increased intra-cranial pressure. 

In the course of a descending neuritis the distension of 
veins may be very great, as I have several times observed 
both during life and after death (see Figs. 6 and 24). In 
tumour the veins at first, and often throughout (when the 
neuritis does not reach a considerable degree of intensity),. 
are little above the normal size, and present no tortuosities 
except those which are given them by the prominence of 
the papilla.    The great distension of veins and narrowing of 

1 Hughlings-Jackson: Lecture on Optic Neuritis, " Med. Times and 
Gaz.," 1871, vol. ii. p. 581. 

- "Med.-Chir. Trans.," vol. lxii. 1879, p. 441. 
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arteries occur when the inflammation has reached a certain 
degree of intensity.    This points to the neuritic process in 
the papilla  as   causing  the   strangulation  by   pressure   on 
the  vessels.     This  view  is  entirely  borne out  by patho- 
logical   investigation.      I   have   never   been   able   to   dis- 
cover   any   evidence   of   constriction   of  the vessels  in  the 
sclerotic ring   or behind it.    Their calibre  here is always 
uniform   (see   Figs.   16,   19,  21,   and   44).     This   state- 
ment is based on a very careful search for any evidence of 
such compression in a number of  cases of  papilhtis from 
various intra-cranial diseases.    In one case only was there an 
appearance of  narrowing, and in this, from the unaltered 
course of an adjacent vessel, it was evidently due to a slight 
alteration  in  the   position  of   the  vessel  at  the  spot,  in 
consequence of which the sections ceased to pass through its 
widest part.    It is always in front of the sclerotic, in the 
substance of  the swollen  papilla, that the vessels  present 
conspicuous   constriction — are   pressed    upon,    and   have 
their  walls   thickened  by  new  tissue   (Figs.   10,   20,   22, 
23, &c).     Further, the most intense signs of   " strangula- 
tion " may be seen in cases in which, as in that of neuro- 
retinitis due to chlorosis (Plate VIII. 1), there is reason to 
believe there is no intra-cranial disease; and in the case of 
chronic cerebritis, quoted at p. 89, in which there was^ no 
intra-cranial  condition  which could  cause any mechanical 
effect, the intra-ocular signs of constriction and mechanical 

■congestion were very marked. 
^l^fb-O     Distension of the optic sheath is certainly very frequent 

in cases of optic neuritis.     It is not, however, as has been 
•alleged, invariable, either in cases of cerebral tumour with 
optic neuritis, or  in   conditions  of  increased  intra-cranial 
pressure.    It  may be absent in tumour of the brain with 
'characteristic neuritis; for instance, in one case a large glioma 
of  the right  frontal  lobe, with  haemorrhage  into  it, was 
attended by optic neuritis, but with  no distension of  the 
sheath.    This may also be absent in tumour with internal 

■effusion ; great distension of the lateral and third ventricles 
was caused in another case by a tumour near the corpora 
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quadrigemina,—there was optic neuritis but no distension of 
the sheaths.    A case of tumour of the cerebellum with optic 
neuritis and no distension of the sheaths has been recorded 
by Nettleship.1    In  another case of old neuritis, due to a 
tumour occupying the whole of the third ventricle and inter- 
peduncular space, extending in front of the optic commissure 
and causing enormous distension of the lateral ventricles, the 
optic sheaths carefully examined in situ were quite empty. 
But they were loose, and had evidently been much distended. 
This case suggests that pressure at the base of the brain may 
even be incompatible with continued distension of the sheath. 
Distension was absent in a case of neuritis from cerebral 
abscess recorded by Carrier,2 and in a case of double neuro- 
retinitis,   apparently   secondary   to   cerebral   haemorrhage, 
which  has been  recorded by  Gremuseus.3     In tubercular 
meningitis,  again,   the   condition  to  which  the   distension 
of the   sheath appears  to  be  related is  not   distension  of 
the ventricles,  or   increased  intra-cranial pressure, but in- 
crease of the subarachnoid fluid, and it bears in this disease 
certainly no  relation   to the  occurrence   of   neuritis.      Of 
six cases with changes in the papilla, in which the state of 
the optic sheaths was carefully noted by Dr. Garlick, in four, 
in which excess of subarachnoid fluid was absent, the sheath 
was normal, although in several there was great distension of 
the ventricles, while in the remaining two cases, in which 
there was an excess of subarachnoid fluid, there was also 
dropsy of the optic sheath.    A case of neuritis in tubercular 
meningitis, without distension of the sheath, has also been 
described   by   Edmunds.4      It   has   been   suggested   that 
the   fluid   may   be formed within  the   sheath itself, being 
prevented from passing backwards to the   cranium by the 
intra-cranial  pressure.     If  the   sheath of the optic nerve 
is   the   chief  lymph-channel  by   which  fluid  is   conveyed 
away  from  the   eye,   its  distension  in   optic   neuritis,  by 

vi 

■'.v„ 

1 " Path. Trans.," 1880, p. 252. 
a " Philadelphia Med. Times," Jan. 29, 1880. 
3 "Klin. Monatsbl. f. Augenheilb.," 1880, p. 380. 
4 "Trans. Ophth. Soc," vol. i. 1881, p. 112. 
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iluid escaping from the papilla, is intelligible. But this 
fact is, at least, uncertain (see above, p. 81). Moreover, the 
case of tumour in the third ventricle, referred to in the previous 
page, seems opposed to this theory. The optic sheaths had 
been greatly distended, but they had become empty, apparently 
in consequence of the pressure on the front of the base, by 
the large tumour in the anterior part of the third ventricle, 
cutting off the communication with the subarachnoid space. 
If the fluid were derived from the eye, this influence should 
have increased the distension of the sheaths, instead of 
causing them to become empty. There is thus strong 
reason to believe that the fluid in the sheath of the optic 
nerve passes into it from the subarachnoid space. The 
absence of obvious excess of the subarachnoid fluid in some 
cases, as in an instance mentioned by Edmunds,1 is not of 
much weight as evidence against this conclusion, because a 
general increase of intra-cranial pressure (e.g., by ventricular 
effusion) which would assist in forcing the fluid into the 
sheaths, would at the same time tend to remove it from the 
base of the brain where its amount is estimated. 

Of the frequent association of dropsy of the sheath and 
optic neuritis there can be no doubt, but of the relation of 
one to the other, little evidence has yet been adduced. Manz 
admits that there are probably various kinds of effusion into 
the sheath, and that all may not lead to neuritis. Parinaud 
has asserted that it is common in cases of pulmonary obstruc- 
tion, as in croup. It is certain, too, that distension of the 
optic nerve-sheath may occur even "in meningitis without 
causing neuritis, as in a case recorded by Broadbent. But 
such cases prove little, because the duration of the dropsy 
may not have been sufficient for the inflammatory changes to 
arise. The occasional occurrence of papillitis without it—a 
fact which is well established—shows that it is not the 
invariable, and suggests that it is not the chief, mechanism 
by which papillitis is produced. But, it is probable that, 
although not the chief cause, it may still exercise an 
important influence on the process. 

1 "Trans. Ophth. Soc," vol. i. 1881, p. 112. 
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In examining the trunk of the optic nerve behind the eye, 
in eases of papillitis from cerebral tumour, I have found the 
optic nerve to present traces of inflammatory change, increase 
of nuclei and connective tissue, much more frequently than 

:■  ' !,;, 

Fro 44. 

FIG. 45. FIG. 46. 

SECTIONS FROM A CASE OF OPTIC NEURITIS 

Due to a tumour in the frontal lobes. 

FIG 44 —SECTION THROUGH THE DISC. Swelling of the papilla, displacement 
of the retina outwards. Aggregation of leucocytes along the course of the 
vessels, thus indicating their position. No sign of compression of vein 
when passing through the sclerotic ring. No distension of the sheath o( 

the nerve ( x  15). 
FIG 45.—PART OF A TRANSVERSE SECTION THROUGH THE OPTIC NERVE, 

MIDWAY BETWEEN THE GLOBE AND THE OPTIC FORAMEN. Increase of 
leucocytes and some degeneration in the nerve fibres ( x 100). 

FIG. 46.—TRANSVERSE SECTION JUST IN FRONT OF THE COMMISSURE. ^ The 
bundles of nerve fibres are separated by much newly formed fibrous tissue, 
which is encroaching on the fasciculi of the nerve. The nerve fibres are 
degenerated, and many leucocytes are scattered among them ( x 100). 
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has been stated by other observers. The changes were 
especially marked towards the periphery of the trunk and in 
the pial-sheath. In not one case examined could the nerves 
be said to be in a perfectly normal state. The significance 
of the changes is open to question. They may possibly be 
regarded, in some cases, as indications of an ascending 
neuritis. But in some they were most intense in the neigh- 
bourhood of the optic commissure (compare Figs. 45 and 46), 
and there was evidence that a neuritis had taken place there 
by extension from the meninges. In several cases in which 
this was most distinct, the change in the optic nerve, mid-way 
between the commissure and the eye, was so slight that it 
might almost have been passed as normal (Fig. 45. 
See also Figs. 26 and 29). The extension to the 
nerve was very distinct in two cases of intra-cranial 
tumour under my care. In one there was distinct, although 
very slight, evidence of meningitis beneath the orbital 
lobules, which had evidently, by the naked-eye and micro- 
scopic appearances, extended to the nerves. In the other- 
ease (Fig. 44) the papillitis was considerable, and such as is 
most common in cerebral tumour. The changes in the optic 
nerves in the middle of their course were slight but distinct 

%i / ^ 

FIG. 47. FIG. 48. 

SECTIONS THROUGH THE OPTIC NERVE IN A CASE OF CHRONIC 

CEREBRITIS ( x 100). 

FIG. 47.—Just behind  the  globe,   containing  many leucocytes within the 
fasciculi. 

FIG. 48.—Just  in  front  of the  commissure.     There  is  more  infiltration 
with leucocytes, and the connective tissue  septa  are  more  thickened 
and irregular. 
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(Fig. 45). In front of the optic commissure (Fig. 46) 
the changes from old inflammation were intense. No sign 
of adjacent meningitis was noted at the post-mortem 
examination, but there were old adhesions over the tumour 
on the upper part of the frontal lobe. In this case it seems 
probable that descending neuritis had taken place, and 
that the link between the intense neuritis behind, and the 
intense papillitis in front, was the slight change in the trunk 
of the nerve. Hence it seems that a very slight amount of 
descending change may lead, in cerebral tumour, to an 
intense papillitis. "With this case may be compared another, 
of a man who was in the London Hospital under the care 
of Dr. Hughlings-Jackson, in which the appearance of the 
papilla was declared by an authority so decisive as that of 
Mr. Couper to be that of a " choked disc." No tumour, 
meningitis, or mechanism for " choking" was, however, 
discovered within the cranium. But the trunk of the nerve 
presented changes very similar to those in the case just 
mentioned, not, however, more intense at its posterior 
portion. Similar changes were found throughout the brain 
by Dr. Sutton, and it can hardly be doubted, taking the 
symptoms and anatomical changes together, that a condition, 
which must be regarded as " chronic irritation or inflamma- 
tion " affecting the brain, had passed down the optic nerves 
and appeared as an intense papillitis, with signs of strangu- 
lation, due to the compression of the vessels within the 
papilla. A similar case has been recorded by Stephen 
Mackenzie.1 

It seems from these facts that (1) a descending neuritis 
cannot be excluded from an examination of a small portion 
of the trunk of the nerve, and (2) that a change in the nerve 
revealing itself as a very slight deviation from the normal, 
may serve to convey a condition of irritation to the eye 
sufficient to light up considerable papillitis. 

The frequency with which evidence of descending neuritis 
may be traced is confirmed by the observations of S. Mackenzie,2 

1
 " Brain," July, 1879, p. 269. 

2 Loc. cit. and "Trans. Ophth. Soc," vol. i. p. 94. 

Ill 
r 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



<J0 MEDICAL   OPIITHALMOSCOPY. 

Brailey,1 Edmunds and. Lawford,2 Poncet,3 and others. 
Mackenzie lias also pointed out that on no other theory 
than that of an inflammation travelling down the nerve 
tissue can we explain a unilateral neuritis on the side 
opposite to a cerebral tumour. 

It has been maintained by Kuhnt4 that the descent of 
inflammation from the brain to the eye is by the perivascular 
sheaths of the vessels, which are, he states, continuous with 
the pia mater of the brain, and Gayet5 would ascribe a share 
also to the sheaths of the posterior ciliary vessels. The 
evidence of inflammation away from the vessels prevents 
us, however, regarding them as the exclusive agents, 
but pathological evidence of their participation in the 
transmission of the inflammation has been also brought 
forward by Edmunds and Brailey.6 

It has been pointed out that the sheaths of the nerve, inner 
and outer, often present considerable changes, which make it 
probable that the inflammation passes along them to the eye. 
That it may do so independently of distension of the sheath 
is shown by two cases of optic neuritis and meningitis due 
to fracture of the skull, recently recorded by Edmunds,7 

in which the space between the sheaths of the nerve was 
occupied by "a dense mass of inflammatory products." 

These facts suggest the following conclusions regarding 
the production of papillitis in intra-cranial disease:— 

That in cases of cerebral tumour evidence of descending 
inflammation may be traced in sheath or nerve, much more 
commonly than current statements suggest, while in cases of 
meningitis the evidence of such descending inflammation is 
almost invariable. 

That the resulting papillitis may be, and remain, slight, 

1 "Trans. Ophth. Soc," vol. i. p. 111. 
2 Ibid., p. 112, and loc. cit. at p. 82. 
:i Disc, at the International Med. Congress, 1881. 
4 In a communication to the International Medical Congress at Amsterdam 

("Ann. d'Oculist.," vol. lxxxii. 1879, p. 180). 5 Ibid., p. 181. 
fi "Ophth. Hosp. Rep.," vol. x. p. 138. 
7 "St. Thos. Hosp. Rep.," vol. xi. 1881, p. 71; "Trans. Ophth. Soc," 

vol. iii. p. 140. 
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or may become intense and present the appearances of 
mechanical congestion. The causes of this difference we 
do not yet know. 

That such mechanical congestion does not, as a rule, result 
from compression of the vessels in or just behind the sclerotic 
ring, but always, when intense, from compression by inflam- 
matory products in the substance of the papilla. It must not 
be forgotten that an increase in the size of vessels may be of 
reflex vaso-motor origin as in all inflamed parts. 

That while slow increase of intra-cranial pressure has no 
effect on the retinal vessels, a sudden increase hinders the 
escape of blood from the eye for a time, and may intensify a 
papillitis originating in another way. 

That distension of the sheath of the nerve alone is probably 
insufficient to cause papillitis by its mechanical effect, but may 
perhaps intensify the process otherwise set up, especially if 
the fluid possesses an irritative quality, and if (as Schmidt- 
Rimpler asserts and Leber denies) it can find its way into 
the lymphatic spaces of the optic disc.1 

There being thus little evidence that a mechanical impe- 
diment to the return of blood from the eye—induced either 
by intra-cranial pressure, by distension of the optic sheath, 
or by the pressure of the sclerotic ring—ever plays any 
considerable part in the production of optic neuritis, the use 
of the term " choked disc " or " stauungs-papille," as indi- 
cative of a supposed mechanism, is to be deprecated in our 
present state of knowledge. The occurrence of a process of 
strangulation is not denied; it is often conspicuous enough, 
but it is produced in the inflamed papilla and not behind 
the eye, and occurs in all cases of a certain intensity. 

In this outline of the facts regarding the origin of optic 
neuritis, the hypothesis that the mechanism is a reflex vaso- 
motor influence has been necessarily unnoticed, because the 
known facts have no bearing upon it and give it no support. 
It presupposes a special reflex relation not known to exist 

1 The latest theory of Leber, viz., that papillitis is an extension of inflam- 
mation from the periphery of the nerve at the anterior extremity of the sheath, 
is not supported by any anatomical evidence. 
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and a mechanism for the production of inflammation  the 
efficiency of which is equally unknown.x 

VARIETIES.—The chief varieties which have been usually 
insisted on are those distinguished by v. Grraefe as " descend- 
ing neuritis " and the " choked disc." The facts already 
mentioned make it more than doubtful whether the patho- 
logical basis of the distinction is correct, and it is generally 
admitted that the supposed distinctions cannot be relied upon. 
The aspect of the disc varies very much in the same case 
at different times; at one time the characters may be those 
supposed to be indicative of a descending neuritis, and at 
another time those ascribed to the " choked disc." But the 
appearance in different cases also frequently continues dif- 
ferent throughout their whole course. These characters are 
so various, and the intermediate forms are so numerous, that 
it is exceedingly difficult to separate any varieties as special 
"forms." Some cases certainly present throughout cha- 
racters which are regarded as those of descending neuritis— 
especially slightness of swelling, a tendency for the changes 
to be most intense in the peripheral part of the papilla, 
leaving the centre little affected, absence of hsemorrhages, 
the presence of white spots, isolated or about the vessels, and 
a striation depending rather on conspicuousness of nerve 
fibres than on vascularity. These changes are seen, for 
instance, in PL III. 3 and 5, and also of a wider extent and 
greater intensity in PL YI. 2. On the other hand, great 
swelling, with vascularity and distended veins, such as is 
seen in PL I. 6, III. 4, and still more in PL YI. L, charac- 
terizes other forms. But in the case whose disc is shown 
in Fig.  16, descending neuritis presented the characters of 

1 A fuller consideration of the theory, and the arguments against it, will 
be found in some remarks I made in the discussion on optic neuritis at the 
Ophthalmological Society, March 10, 1881 ("Transactions," vol. i. p. 105). 
Similar arguments were brought forward by Leber at the discussion at the 
International Congress. The reflex theory has been revived by Loring ("New 
York Med. Journ.," June, 1882) in special connection with the fifth nerve, 
but still as a pure theory, which, while unsupported by facts (and even 
opposed by them), clearly merits detailed discussion. 
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the choked disc, while the changes in PI. V. 1 and 2,3 and 4, 
slight as they are, were in each case associated with the 
symptoms of intra-cranial tumour. 

Until we know more of the relation hetween pathological 
process and ophthalmoscopic appearance, it seems far better 
to found varieties purely on clinical characters. Of varieties 
so founded the following have seemed to me the most 
marked. 

1. Slight Papillitis, including the condition described above 
as congestion with ccdema, in which the changes are so slight 
as to dim, but not obscure, the edge of the disc on indirect 
examination, although it may be invisible, wholly or in 
part, to direct examination (PI. I. 3, 4, III. 3, 5, V. 1, 
2, 3, 4. 

2. Moderate Papillitis.—Obscuration of the edge of the disc, 
or of the affected portion, complete, even to indirect examina- 
tion ; swelling moderate, commonly reddish ; veins natural 
or large; sometimes white tissue about the vessels, close to 
them or extending for some distance on the disc (PI. I. 5, 6, 
III. 4, IV. 1, 3, V. 5, 6, VI. 2). 

3. Intense Papillitis.—Great swelling ; veins at first large 
and arteries small; many haemorrhages ; retina often involved 
by direct damage or by haemorrhages. Always succeeds a 
slighter stage in which the evidence of strangulation may be 
at first little marked (PI. VI. 1, VIII. 1). 

The forms in which the changes involve the adjacent 
retina are often termed " neuro-retinitis circumscripta ; " and 
such widespread change as is presented in PI. VIII. 1, 
although originating in the papilla, merits such a designa- 
tion. But in most cases, even in such as PI. VI. 1, the 
retina is only affected adjacent to the papilla, or elsewhere 
is merely the seat of extravasations; and since there is no 
general inflammation of the retina, the term " retinitis" 
seems unnecessary. 

Retro-ocular Neuritis.—The change known as such—an 
interstitial inflammation of the nerve—is a mixed condition of 
inflammation and atrophy, revealed in the disc, if revealed at 
all, by the signs of simple congestion, rarely those of slight 
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94 MEDICAL   OPHTHALMOSCOPY. 

1 papillitis, and soon passing on to atrophy with narrowed" 
vessels. Little is known of the exact anatomical changes in 
this form, except in the variety which has heen termed axial 
neuritis (Fdrster), in which chronic inflammation occupies the 
axis of the nerve, and causes a central scotoma. It will be- 
described further in the section on " Atrophy." 

JRetro-ocular Perinearitis is a condition of chronic inflam- 
mation of the sheath of the nerve leading to thickening of its 
tissues, and purulent infiltration among the trabeculee. The 
nerve may suffer from compression, or from a state of inter- 
stitial neuritis which may spread to it from the sheath. It 
has been found in periostitis of the orbit (Horner), and in 
thickening of the cranial bones constricting the optic nerve 
(Michel). It causes papillitis in some, perhaps in all cases,, 
but this does not necessarily assume the appearance described 
on p. 51 as "perineuritis." 

DIAGNOSIS.—The diagnosis of optic neuritis is often easy, 
but sometimes presents great difficulty. Of all its signs that 
which first attracts attention as the most conspicuous feature— 
the increased redness—is of least value, except in conjunction 
with other characters. As already more than once stated, 
the redness of a disc free from neuritis may nearly equal that 
of the adjacent choroid. The signs which are of greatest 
diagnostic value are (1) obscuration of the edge of the dis& 
and (2) swelling. These, in conjunction with increased 
redness, or change of colour to a tint not normally seen 
(such as the peculiar lilac-grey so often presented), constitute 
the characteristic symptoms. The obscuration of the edge 
is especially significant. It indicates undue opacity of the 
tissue (layer of optic nerve fibres) in front of the edge. Most 
of the nerve fibres pass along the course of the great vessels,, 
above and below the disc, and they often normally obscure 
the edge of the disc slightly in these situations. Sometimes- 
they are densely packed, also, on the nasal side, especially 
when the central cup is very large, and a slight obscuration 
is produced there also; but in these cases, as a rule, the large 
size of the physiological cup indicates the close arrangement 
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of the fibres, the obscuration is slight and occurs in the normal 
situations, and the edge of the disc is elsewhere quite sharp. 
In these cases another character may occasionally be observed 
in a slight degree, which, in more intense form, is conspicuous 
in neuritis—the radiating striation at the edges of the disc. 
Normally this is seen where the nerve fibres are most closely 
aggregated, especially above and below; in morbid states it 
is to be observed all round the disc, although most intense 
where the nerve fibres are grouped, and it is then due not 
merely to pale lines (from swollen fibres with increased 
opacity), but in part, also, to red lines, fine vessels lying 
between the fibres. 

The second indication of neuritis is the existence of distinct 
swelling.    The prominence of one object in the fundus above 
the level of an adjacent object—e. g., of a vessel on the edge of 
the physiological cup above a vessel at its bottom—is appre- 
ciated in the direct method of examination by moving the 
head of the observer from side to side, or up and down, as far 
as possible without losing sight of the objects.    Their rela- 
tive position undergoes an appreciable alteration proportioned 
to the difference in level, and is easily recognized.    By the 
indirect  method  of   examination  the  same result may be 
obtained by a lateral or vertical movement of the lens, which 
produces the same effect as a corresponding movement of the 
observer's head (the " parallactic test" of Liebreich).    With 
the binocular ophthalmoscope these measures are unnecessary, 
the difference of level being apparent just as with the stereo- 
scope.    "When the difference of the level of two objects is 
very great, as, for instance, in extensive swelling of the disc, a 
convex lens behind the mirror may be necessary before a clear 
view of the top of the swelling is obtained, the refraction 
of the eye being normal and the fundus visible without a 
lens.    The difference   between   the   strength of the convex 
lenses required to just render objects indistinct on the level 
of the retina and on the apex of the swelling, furnishes a 
measure of the height of the swelling. 

Normally the surface of the papilla is a little anterior to the 
plane of the retina, hence the term " papilla."    The amount of 
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I 

this prominence varies in different cases. It is always greater 
where the nerve fibres are chiefly aggregated in the proximity 
of the retinal vessels, above and below, so that a transverse 
section through the disc may show scarcely any appreciable 
prominence, while a vertical section may present distinct 
prominence. The more closely the nerve fibres are aggregated 
in one part of the circumference of the nerve, the greater is 
the prominence. Occasionally, but not often in a normal 
eye, it is sufficient to be readily appreciable by the movement 
of the head in direct examination. As a rule, a promi- 
nence which is readily recognized is pathological. In morbid 
states, every degree of elevation may be met with. 

The Diagnosis of the Cause of PapttUth.—The first question 
which presents itself in a given case is—Is the neuritis due 
to intra-cranial disease or to some other cause ? The answer 
to this must, of course, depend on the presence or absence of 
indications of disease of the brain, or of such disease of the 
general system as is known to be accompanied by optic 
neuritis. The ophthalmoscopic characters of the neuritis 
will lead us a little way, but not far. A high degree of 
neuritis, with intense strangulation (such as the discs 
shown in PI. YI. 1 and VIII. 1), is seldom met with 
except in cases of cerebral tumour and some forms of 
primary neuritis. The slighter degree of neuritis not 
uncommon in cerebral tumour, chronic meningitis, and 
other intra-cranial diseases, and the neuritis which occurs 
in Bright's disease, lead poisoning, &c, may resemble 
one another very closely. The neuritis of Bright's disease 
sometimes presents white spots in and close to the disc, but 
the same appearance may be, and often is, seen in the neuritis 
of intra-cranial disease. (Fig. 7.) White spots in the retina 
away from the disc, with papillitis of a slight degree, and pre- 
senting no evidence of a preceding more intense affection, is 
very suggestive of renal neuritis. The small cloudy spots 
seen, for instance, in PI. IX. 2 (near the left edge of the 
figure), are of more significance than the minute white spots 
near the macula, such as are shown in PL IX. 3, although 
the latter are suggestive of renal disease when they occur with 
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a papillitis of slight degree and recent origin. Succeeding 
neuritis, or accompanying a neuritis which is subsiding, they 
are of much less significance, being often the relics of the 
mischief caused by simple inflammation ; and how closely 
these may simulate the appearance of a renal retinitis is shown 
by Fig. 6 and PI. VIII. 2. Although an appearance of so 
striking an aspect is very rare, a few white spots near the 
macula lutea are very commonly left by neuritis—such as are 
seen in PI. VI. 1 and 3. The signs of a previous neuritis of 
considerable intensity—a prominent mass of tissue in front of 
the disc such as is seen there in Fig. 3, or a " filled-in" disc 
with evident compression of vessels, as in PL VIII. 2—rarely 
coincide with a similar appearance in renal retinitis, although 
such a coincidence is seen in PI. IX. 4. In such a case as is 
there figured the diagnosis of the cause of the neuritis coidd 
scarcely be made by the ophthalmoscope alone. But attention 
must always be paid to the degree of the present inflam- 
mation, or the evidence of its degree in the past afforded 
by the amount of new tissue formed. 

It is upon the independent signs of one or the other causal 
condition that the diagnosis must chiefly turn.' In referring 
neuritis to cerebral mischief, it must not be forgotten that, 
on the one hand, optic neuritis due to a cerebral tumour may 
be accompanied for a time by no signs of intra-cranial 
disease, and, on the other hand, that an optic neuritis due 
to a general disease may be accompanied by symptoms 
suggestive of cerebral disturbance, especially headache, 
vomiting, and even, in some cases, convulsions. Striking 
instances of the former were afforded by two children whom 
I saw at the same time in the Great Ormond Street 
Hospital. One was a boy under the care of Dr. Barlow, 
with a tubercular growth within the right eyeball, and 
well-marked neuritis to be seen in the left eye (PI. 
III. 4). The only other symptom suggestive of intra- 
cranial mischief was an occasional attack of vomiting 
during many months that he remained under observation. 
The neuritis was of the character highly suggestive of intra- 
cranial tumour, but the possibility that the mischief in one 
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eye might have caused the neuritis in the other, suggested 
extirpation of the eye which was the seat of the tumour. It 
had, however, no influence; and when the boy died, about 
a year after, scrofulous cerebral tumours were found. The 
other case (under the care of Dr. Gree) was a child aged nine 
years, who was admitted having had occasional attacks of 
headache and vomiting. During the intervals she seemed 
perfectly well. No symptoms referable to the nervous system 
could be detected. She had, however, double optic neuritis. 
Grradually unsteadiness of gait showed itself, and increased 
until she was unable to stand, and she ultimately presented 
all the symptoms of cerebellar tumour. Such facts show 
that the suspicion of intra-cranial disease in cases of optic 
neuritis can only be discarded after long observation, if 
indeed it can ever be given up until some other cause presents 
itself. This is especially the case when the neuritis is 
chronic: very acute neuritis is nearly always accompanied 
by symptoms indicative of the disease causing it. Tuber- 
cular tumours of the brain frequently cease to trouble the 
patient or his optic nerves, and the cessation is permanent. 

On the other hand, neuritis due to general disease may be 
accompanied by symptoms suggestive of cerebral mischief. 
The disc shown in PL IX. 3 is that of a man who com- 
plained of almost constant severe headache and occasional 
attacks of sickness. The ophthalmoscope showed well-marked 
neuritis, moderate in degree, and on first inspection no retinal 
disturbance was detected. It was thought, for the moment, 
to be a case of cerebral tumour. On looking more carefully 
by the direct method, however, near the macula lutea were 
seen a number of minute white spots inconsistent with the 
slight degree of neuritis. The urine was at once examined, 
and found to be loaded with albumen, and on further 
examination hypertrophy of the heart and a hard pulse were 
found, with some signs of uroernic mischief. He died of 
urcemia not long after. The history of the case shown at 
PL IX. 2 is similar, except that the evidence of cerebral 
disturbance here was mental change, not headache. Another 
case impressed   itself   very strongly upon  me many years 
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ago, when, as a resident in University College Hospital, 
I was first working with the ophthalmoscope. A man was 
admitted with convulsions, and comatose. An examination of 
the eyes showed double optic neuritis, and a diagnosis of 
cerebral tumour was at once ventured on. The patient died 
in a few hours, and the necropsy revealed contracted kidneys 
and a normal brain. A mistake of this kind is easily made, 
especially if the examination is confined to the indirect 
method; but I think that the mistake may generally be 
avoided by the direct method of examination, which has, in 
all cases I have since seen, disclosed slight retinal alteration 
inconsistent with the form of the neuritis. Examination 
of the urine should, of course, never be neglected. 

Headache and vomiting are, then, the signs of least value as 
indications of an intra-cranial cause of neuritis. Convulsion 
is also of little value unless it is of a form which indicates local 
brain disease, i.e., local in distribution or in commencement. 

In all obscure cases, search must be made for any other 
cause of optic neuritis, especially lead poisoning. In cases of 
lead poisoning renal disease is very frequent, and that cause 
for neuritis must be excluded before the affection can be 
referred to plumbism. In these cases also doubt may be felt 
as to whether the mischief is not due to cerebral disease, 
because lead poisoning is sometimes accompanied with two 
forms of cerebral disturbance—delirium and convulsion. In 
the case presenting the neuritis shown in PI. VII. 6 there 
was extreme cerebral disturbance, apparently the consequence 
of the lead poisoning ; and, on the other hand, I have lately 
had under my care several cases in which recurring con- 
vulsions, precisely like those of idiopathic epilepsy, were due 
to the same cause. 

One other fact must be mentioned in connection with the 
diagnosis of the cause of optic neuritis. In many cases in 
which slight neuritis of chronic course is associated with 
symptoms which would scarcely suggest the existence of 
disease such as would cause neuritis, hypermetropia exists. 
This combination may be noted, for instance, in chlorosis (as 
in  the case figured in PI. VII. 5), in epilepsy, apparently 
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I ' 1 

idiopatliic, and other slight symptoms of cerebral disturbance. 
It is doubtful, in the present state of our knowledge, what 
share is to be attributed to the hypermetropia in the pro- 
duction of the neuritis, and from the commonness of hyper- 
metropia the coincidence may have been accidental, but the 
fact deserves notice. 

i'l 

PROGNOSIS.—The prognosis in optic neuritis is necessarily 
a source of considerable anxiety. In few cases can it be 
said that vision is not in danger of impairment and even 
of loss. The prognosis must be formed by a careful study 
of the conditions on which impairment of sight depends, 
as stated on p. 72. The prospect is better in the slighter 
degrees of papillitis, and better in proportion to chronicity of 
course, and dependence on causes which can be treated. It 
is worse when there is reason to believe that there is much 
retro-ocular mischief; worse in proportion to the evidence the 
ophthalmoscope affords of a process of compression going on 
in the disc; worse in proportion to the intensity of the 
changes ; and worse in the loss of sight which comes on 
during the recession of the inflammation than in that which 
comes on during its height. 

The cause of the optic neuritis must influence our prognosis 
more than any other condition. It is better in syphilitic than 
in scrofulous cases, and better in these than in cases of 
disease of other forms. Even in syphilitic mischief, however, 
the prognosis must be guarded if the intra-ocular changes 
are considerable. It is not probable that the optic neuritis 
is, itself, syphilitic in nature. Its subsidence depends rather 
on the subsidence of the syphilitic intra-cranial disease, than 
on the influence of the remedy on the intra-ocular process, 
and it is not uncommon to have considerable failure of sight 
during the subsidence of the neuritis in such cases. For- 
tunately when the subsidence of the neuritis has ceased, there 
is a greater tendency to improvement of vision, and this 
may be considerable in degree (see " Consecutive Atrophy "). 

TREATMENT.—Very little can be done for the direct treat- 
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ment of optic neuritis. The treatment is that of the intra- 
oranial mischief, or general disease, which is its cause. 
Beyond this, local measures, leeches and the like, are little 
likely to influence the progress of the disease. The puncture 
of the distended nerve-sheath has been advocated by De 
"Wecker, and performed by him and by Mr. Tower, and 
recently in a number of cases by Mr. Brudenell Carter and 
Mr. Bickerton.1 It is based on the theory that the distension 
of the sheath is the cause of the intra-ocular neuritis, a theory 
which, it has been seen, cannot yet be considered as proved. 
Improvement has followed the operation in a few of the 
cases, but it must be tried in a much larger number of cases 
before a decisive opinion can be formed. 

During neuritis the eyes should be used as little as may be, 
and such conditions as intensify intra-ocular congestion should 
be avoided, e.g., exposure to cold, and all causes of mechanical 
congestion, straining, cough, &c. Ice to the forehead has 
been recommended by Pfluger. 

Optic neuritis is so frequently associated with syphilitic 
disease of the brain and its membranes, and the evidence 
which may seem to exclude the suspicion of syphilis is so 
often misleading, that the administration of iodide of potassium 
should be a rule in almost all cases in which the age of the 
patient is such that acquired syphilis is possible.    Iodide, in 
large doses, secures a more prompt improvement than mercury, 
and does no harm if the disease is not syphilitic in nature. 
Additional benefit may, however, result from the subsequent 
use of mercury.   The completeness of recovery depends on the 
promptness with which the progress of the disease can be 
checked.     Even in syphilitic cases it must be remembered 
that, the intra-ocular neuritis being probably not syphilitic in 
nature, although the consequence of syphilitic brain disease, 
the remedy employed does not influence the  inflammatory 
products in the papilla, as it does the disease in the brain. 
As it has just been stated, in many cases of syphilitic disease 
of the brain with optic neuritis, in which the cerebral symp- 
toms  have   cleared,   and  the  neuritis  has   subsided  under 

1 " Oph. Rev.," 1888, vol. vii. p. 300. 
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II: 

appropriate treatment, sight has become damaged during the 
subsidence of the neuritis, apparently very much as it would 
have done had the cerebral disease not been syphilitic in 
nature. It is the recession of the cerebral trouble which 
permits the recession of the neuritis, and the ocular damage 
bears, in most cases, a direct proportion to its duration. 
Hughlings-Jackson believes that iodide of potassium is some- 
times useful when there is no syphilis. Iodoform, internally 
and externally, has been advocated by Landesberg. 

Where the disease is not syphilitic it is often scrofulous, 
and here also great good can be done by appropriate— 
especially tonic—treatment. Commencing neuritis may 
subside entirely and leave no trace, under the influence of 
such treatment. But unfortunately we are able to influence 
such disease much more slowly than we can influence 
syphilitic disease, and if neuritis be already well developed, 
it is rarely that loss of sight can be prevented. 

B.—MORBID STATES OF THE OPTIC DISC CHARACTERIZED 

USUALLY BY LESSENED VASCULARITY AND SIGNS OF 

WASTING.     ATROPHY   OF  THE  OPTIC NERVE. 

Under many circumstances the fibres of the optic nerves 
undergo wasting or degeneration. This occurs when the eye 
has been greatly damaged by any cause, and possibly when 
complete opacity has rendered the cornea or lens, for a long 
time, impermeable to rays of light. It has been seen to occur 
as a consequence of the inflammation of the intra-ocular end 
of the nerve, or of its whole trunk; the wasting thus produced 
is termed " consecutive," " post-papillitic," or " post-neuritic 
atrophy." In other cases the wasting is preceded by no 
visible inflammatory disturbance, and such are termed " simple 
atrophy." Nevertheless, in rare cases, an atrophy is preceded 
by the signs of simple congestion of the disc, and such cases 
may be termed " congestive atrophy." It is probable that 
the pathological condition of the optic nerve in this form is 
really a chronic inflammation, partial or diffuse, of which the 
intra-ocular signs of congestion, &c, are the indication, but 
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it is convenient, for clinical reasons, to consider it among the 
forms of atrophy. Lastly, atrophy may succeed choroiditis 

and retinal disease. 
Atrophy, not consequent on any obvious ocular change, 

was found by Vulpian in about 4 per cent. (19 out of 500) 
autopsies on old persons at the Salpetriere. In an equal 
number (21) there was atrophy consequent on an ocular 

disease.1 

CHARACTERS.—The nutrition of the nerve fibres, and that of 
the capillary vessels which confer on the disc its normal rosy 
tint, are so associated that atrophy of the fibres is accompanied 
in nearly all cases by an atrophy of the capillaries, and the 
pallor thus produced constitutes the most salient sign of the 
atrophy of the nerve. The atrophied nerve commonly shrinks, 
and omrpies less bulk than the normal nerve. This is not 
attended by any diminution in the size of the optic disc, since 
the latter is determined by the size of the sclerotic opening. 
The shrinking is indicated by a slight recession or " excava- 
tion " of the disc. In some cases there is a diminution in 
size of the retinal vessels, but this is an inconstant character. 
These signs will be considered in detail. 

Pallor.—The vascularity of the optic nerve, as has been 
before pointed out, is estimated by the tint of its intra-ocular 
termination, the " optic disc." In judging of the colour of 
the disc it is important to examine it with a weak illumination, 
and by the direct method, in order to let as little light as 
possible be reflected. In a strong light a faintly-tinted 
object will appear white.2 Hence the importance, to recog- 
nize a slight coloration, of employing a weak illumination. 
The ophthalmoscope of Helmholtz, consisting of plates of 

i Table «iven by Galezowski, "Sur les Atrophies de la Papille du Nerf 
Optique."    " Journal d'Ophtalmologie," Jan., Feb., and March, 1872 

* With very intense illumination, even a strongly-tinted object will 
appear white. This is because all objects reflect some of all rays, and 
absorb none entirely. If the waves impinging be sufficiently ™°us- 
i e the light very intense-so many waves of all lengths are reflected that 
the object Appears white, the waves of the length chiefly reflected being no 
longer preponderant, although they become preponderant on weakening the 

light. 
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thin glass, is especially useful for this purpose. A plane 
mirror may be employed instead. If this is not available, 
the light of the illuminating lamp should be turned low. 

It is as essential to be aware of the normal variations in 
colour for the estimation of a pathological pallor of the optic 
disc, as it is for the recognition of congestion. The varia- 
tions on the negative side are not, perhaps, so considerable 
as are those on the positive side, but they are sufficient to 
render familiarity with the appearance of the normal disc 
essential to prevent mistakes in estimating the slighter degrees 
of atrophy. As a rule, the disc becomes paler as life advances, 
and a slight grey tint becomes mingled with the red, but the 
latter is still perceptible. The physiological cup, if slight, 
is often indistinct late in life. Thus, a tint which is normal 
in the old, would be suggestive of atrophy in the young. 
Again, when the general fundus is unusually dark, the disc 
will seem to be abnormally pale, simply as an effect of con- 
trast. In anaemia, also, the disc may become jmler, but the 
change of tint from this cause is not considerable, and is 
insignificant in comparison with the normal variations in 
colour of the disc. It never constitutes an element of 
difficulty in the recognition of atrophy. 

When a pathological pallor of the disc is pronounced, 
it extends over the whole area of the disc, but commencing 
pallor may be most marked in that part of the disc which is 
normally palest, i.e., the temporal side, where the nerve fibres 
are least numerous. The change in this part, however, is only 
of significance in individuals in whom the "physiological 
cup " is small, and the temporal half of the disc normally 
possesses a distinctly vascular tint. In a great number of 
cases, in which the plxysiological excavation is large, and 
slopes gradually to the sclerotic ring on the temporal side, 
this portion of the disc may be normally almost as pale as in 
atrophy. The part on which attention should be chiefly fixed 
is, therefore, that which normally possesses considerable 
vascularity, the nasal portion. The tint may be observed to 
become gradually paler, the red sometimes simply fading, and 
leaving a white colour in its place ; in other cases a grey 
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becomes mingled with the red, and gradually preponderates 
as the red tint fades, and ultimately a pure grey is left. 
If the examination is made with daylight, the tint is often 
a greenish-grey. These two varieties constitute in their 
extreme forms the white and grey forms of atrophy respec- 
tively. Intermediate forms are often seen, and to the direct 
method of examination some grey tint may always he dis- 
tinguished, even in the discs which appear of tendinous or 
chalky whiteness to the indirect method of examination. 
This grey mottling tends to increase as time goes on. The 
slight grey tint in "white atrophy" is similar to that 
normally seen at the bottom of the physiological cup. This 
tint is, however, scattered over the disc, and the central cup 
is often distinguishably whiter or greyer than the rest. 

The aspect of the disc, whether white or grey, is not 
definitely related to the form or cause of the atrophy, and 
hence it is undesirable to employ it as a basis for classification. 

The atrophy leaves the edge of the disc very distinct and 
sharp. The sclerotic ring is much more clear than it is 
normally, but it may not at first be recognized by the indirect 
method, as it is not differentiated from the white surface, as 
it is from the rosy tint of the normal disc. The sharpness 
of the edge is due, not only to its clearness, but also to the 
fact that the choroid preserves its normal characters to the 
margin, and gives to the clear outline a peculiar sharp-cut 
aspect, which is the characteristic of "simple atrophy." 
Pigmentary deposits on the edge of the disc are, like the 
edge itself, abnormally distinct. 

Excavation.—In simple atrophy of the nerve, the surface 
of the disc is depressed in proportion to the wasting of the 
nerve-trunk. This varies, however, in the different forms of 
atrophy, because the wasting of the nerve fibres is, in some 
forms, combined with wasting of the connective elements, and 
a great shrinking of the nerve in size, while in other cases the 
wasting of the fibres is accompanied with an overgrowth of 
connective tissue, which may to some extent compensate for 
the shrinking due to the atrophy of the nerve elements, and 
may even prevent any diminution in  bulk   of  the nerve. 
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Thus, in some cases, the depression of the disc is considerable, 
and in others it is slight or absent. Its special character is 
that it affects the whole disc, and commences at the sclerotic 
ring. It may often be recognized by the change of level of 
the retinal vessels at the spot, most distinct on lateral move- 
ment of the observer's head. Normally, it will be remembered, 
the depression of the centre of the disc never begins at the 
sclerotic ring, except that in some cases of large normal cups 
it may commence at the ring on the temporal side. Above, 
below, and at the nasal side—i.e., in the position of the large 
vessels—the normal excavation never commences at the ring, 
within which there is always a zone of nerve tissue, commonly 
the most prominent portion of the disc. Hence the change 
of level of the large vessels at the ring becomes an important 
sign of the atrophic excavation. The size and form of the 
resulting excavation depend on two things—the amount of 
shrinking of the nerve, and the size and form of the normal 
cup. The wasting of the edge of the cup tends to lessen the 
steepness of the side or sides, and to give its form a funnel 
shape. 

The mottling of the lamina cribrosa may become very 
distinct at the bottom of the excavation, and this in some 
cases, it is said, in which before the atrophy no physiological 
depression existed. Where the normal cup was large, the 
excavation may reveal the lamina cribrosa in almost the whole 
extent of the disc, the grey mottling corresponding to the 
bundles of degenerated nerve fibres, the white intervals to 
the meshes of the lamina. 

It is believed that some share in the excavation is due to 
the atrophy of the small vessels, which conferred on the 
normal disc a certain amount of turgescence. De Wecker 
suggests that as the nerve has its consistence lessened, the 
normal intra-ocular pressure may assist in producing the 
excavation. 

It has been said that the more connective tissue is deve- 
loped in the atrophied nerve, the slighter is the shrinking 
of the trunk. This is especially the case in the grey atrophy, 
in which the nerve may retain its  normal size.    The de- 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



CHANGES   IN   THE   OPTIC   KERVE—ATKOPHY. 107 

pression in the disc may be less in these cases than in the 
whiter form of simple atrophy, but it is not, as has been said, 
absent, and it is often considerable. Among the remains of 
the diverging nerve fibres, there is little connective tissue 
developed, and the wasting of the fibres here is compensated 
for to a much less extent than in the trunk of the nerve. 

The Retinal Vessels.—In some cases of simple atrophy of 
the optic nerve the retinal vessels become reduced in size, in 
others they do not. In the grey atrophy, as a rule, the 
vessels undergo little or no change, but they are occasion- 
ally narrowed. In simple white atrophy they present no 
alteration in some cases; in others, the arteries gradually 
become smaller, the veins undergoing little diminution. 
After a time the veins also may shrink. They are reduced 
in size in cases in which there is a retro-ocular neuritio 
process, but this, without evidence of neuritis in the disc, 
cannot be regarded as the cause of their shrinking in all 
cases. Their atrophy seems sometimes to be part of the 
atrophy of the nerve-fibre and ganglion-cell layers of the 
retina, which is usually associated with atrophy of the nerve. 
Why they should shrink in some cases and not in others is at 
present unexplained. 

Initial Signs of Congestion.—In describing simple conges- 
tion of the disc, it was pointed out that it may terminate in 
atrophy. The disc has, at first, a dull-red tint, with a soft- 
looking surface, the redness being uniformly distributed over 
it. The edges of the disc are less sharply defined than 
in health; they are visible, but are softened. It is this 
uniform distribution of the tint, and softness of the edge, 
which give to the disc its special character. The congestion 
may persist for a long time, but commonly, as time goes on, 
the disc slowly becomes paler, and ultimately a condition of 
greyish-white atrophy is reached. Occasionally the disc 
presents at first, for a short time, a slight degree of oedema 
as well as congestion, shown by slight swelling. The patho- 
logical process, in many cases of atrophy, seems to be of the 
nature of a chronic inflammation. It is readily intelligible 
that in some cases the signs of slight inflammation should be 
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I 

visible in the disc during the early stage. The cases in which 
it is met with are especially those which result from injury 
and from toxic causes. This state of chronic inflammation 
behind the eye, retro-ocular neuritis, may be diffuse and 
affect the whole nerve, or partial and involve only a 
segment of the nerve (segmental neuritis), or its central 
portion (axial neuritis). The vessels often present much 
earlier and more considerable narrowing than in simple 
atrophy, and in the disc around them much white tissue 
becomes developed. It is to be noted, however, that in some 
conditions of undoubted retro-ocular neuritis, there may be 
no signs of inflammation or congestion of the disc, but only 
that of simple atrophy, and hence it is convenient to consider 
this form in the present section. The mischief is commonly 
at some distance behind the eye. 

Atrophy after Intra-Ocular Neuritis; " Consecutive Atrophy" 
or " Papittitic Atrophy."—-The newly-formed inflammatory 
tissue-elements of papillitis are in part removed, and in part 
transformed into connective tissue, which gradually shrinks. 
The pale swelling left by the inflammation (PI. II. 1, IV. 5, 
VI. 8), large in proportion to the intensity of the process, 
slowly subsides, until it is confined within the limits of the 
disc, and slowly reaches the level of the retina (Fig. 49). 
The soft edges which at first limit the pale swelling gradually 
become more sharply defined.    The recession of the swelling 

FIG. 49.—VERTICAL SECTION THROUGH THE OPTIC DISC IN A CASE OF 

POST-PAPILLITIC ATROPHY, DUE TO TUBERCLE OF THE CEREBELLUM. 

The retinal-layers are displaced, and the bundles of fibres in the optic nerve 
are separated. A vessel is seen divided longitudinally. Neither within 
nor behind the sclerotic ring is it compressed. Within the papilla, how- 
ever, its branches are very narrow.    ( x  15.) 
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from the edge of the ehoroid often shows that the latter 
has heen  damaged,   and  has undergone   irregular  atrophy 
adjacent to the edge of the disc (PL II. 4, IV. 4), which 
thus has a more or less irregular outline.    The suhstance of 
the disc has a " filled-in " look, from the new tissue within it 
(PI.   VIII. 2),  and is  commonly white, or  rarely greyish 
in tint (PL II. 2, upper half).    The vessels, whether pre- 
viously narrowed or not,  usually hecome narrowed hy the 
contraction of this new tissue, and may he partly concealed 
by it at their origin, or in their course over the disc.    The 
tissue along their walls is often distinctly whiter than the 
rest of  the disc, and  when the latter is  grey the contrast 
between it and the perivascular tissue may be very marked 
(PI. II. 2).    Often white lines are to be traced along the 
narrowed vessels for some distance from the disc (PI. II. 4). 
They  are  probably   due to  thickening   of  the outer  coat, 
perhaps  originating in  the  migration  of  white  corpuscles 
along the  perivascular  sheaths   (Fig.   11),   and  the trans- 
formation of  these   into   connective-tissue   elements.    Ulti- 
mately, the contraction of the tissue may cause an excavation 
of the disc, even in the centre (PI. II. 4, IV.. 6), and there 
is only the adjacent choroidal disturbance and the narrowing 
of the vessels, to indicate the origin of the atrophy.    The 
excavation rarely, however, becomes sufficient to reveal the 
lamina cribrosa.    (Of. Pigs.   3   and 4,  PI.  II.)    The disc 
usually remains for a long time white to the indirect examina- 
tion ; sometimes its tint is slightly rosy. Ultimately, however, 

P 

FIG. 50.—SECTION THROUGH THE OPTIC NERVE IN THE SAME CASE AS 
THE PRECEDING FIGURE. 

The fasciculi of degenerated nerve fibres are infiltrated with nuclei, and cells 
of irregular shape.   The septa between the bundles are a little thickened. 

x  100.) 
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it becomes distinctly greyish, especially on direct examination, 
and with feeble illumination. In some cases the inflammation 
may not have damaged the choroid, although causing destruc- 
tion of the nerve fibres, and in such a case the edge of the 
disc may be sharply defined, and if, as is the case sometimes 
when the inflammation is moderate, the narrowing of the 
vessels is slight in degree, the appearance of the disc may 
resemble very closely the disc in simple atrophy, and be quite 
indistinguishable from that left by retro-ocular neuritis. 

Choroiditic Atrophy.—The atrophy of the disc, which is 
often seen after choroido-retinitis, is sometimes white or 
grey and resembles primary atrophy; but sometimes it 
presents special features, being characterized by a peculiar 
reddish, or yellowish-red tint of disc, uniform in distribu- 
tion, sometimes with slight blurring of its edges, and usually 
by a marked wasting of the retinal vessels, which may be 
diminished in number as well as in size. 

The recognition of this variety of choroiditic atrophy is of 
considerable importance, because, unless the result of retinitis 
pigmentosa, it is almost always the consequence of syphilitic 
disease, acquired, or more frequently, inherited. It con- 
stitutes a sign of inherited sj^philis of great importance. In 
most cases the disturbance of the retinal pigment is 
distinct and characteristic. 

CAUSES.—Simple atrophy of the optic nerve may be a 
primary change, or may be secondary to some lesion, trau- 
matic or other, which interferes with the structural integrity 
of the nerve. These two varieties may be distinguished as 
" primary" and " secondary" atrophy, and are especially cha- 
racterized by the circumstance that in primary atrophy the 
loss of sight coincides in origin and progress with the visible 
atrophy, but in secondary atrophy the loss of sight occurs 
first, and the signs of nerve degeneration are not observed 
until a subsequent period. It is doubtful whether the two 
forms can be distinguished by the ultimate aspect of the disc. 

It has been proposed to divide the primary atrophies into two 
classes, according as the process commences by degeneration 
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of the nerve elements, or by growth of the interstitial tissue, 
with secondary damage to the nerve fibres. The distinction 
has been especially insisted on by Charcot and by Abadie, 
on grounds of etiology, pathology, and symptoms. Our 
knowledge at present is scarcely sufficiently definite to make 
a sharp distinction generally useful, if indeed it is founded 
on a correct basis. The careful discussion of the subject 
by Duwez deserves perusal.1 

Primary Atrophy often comes on without known causes. 
It is sometimes, however, distinctly hereditary, and one very 
remarkable form (carefully studied by Leber) affects all the 
males of a family soon after puberty.  The atrophy is here really 
preceded by a slight neuritis, and its occurrence seems to be 
associated with a neuropathic type of family.2    The male sex 
is, apart from this variety, more prone to optic nerve atrophy 
than the female.    Seventy-five per cent, of all cases occur in 
men, and most cases occur in adults.    A considerable number 
of the cases of primary atrophy are associated with spinal 
disease and are distinguished as " spinal atrophies."    Cases 
of optic nerve atrophy, in which there are no symptoms of 
other affection of the nervous system, are usually classed as 
" simple progressive atrophy "—an inconvenient designation, 
since the cases of spinal atrophy are also progressive.    The 
class probably includes several distinct forms which are not 
yet differentiated. 

. The group of " spinal atrophies " of the optic nerve is of 
great medical interest and practical importance. The most 
important is the atrophy which so often accompanies loco- 
motor ataxy. This form is regarded as the most typical 
example of the " parenchymatous," i.e., primarily neural 
form. It is usually a grey atrophy in ophthalmoscopic 
aspect, without diminution in the size of the vessels. A 
large number of primary atrophies are of this variety. The 
tabetic symptoms may be long delayed, and many such cases 

Jin the   " Dictionuaire   Encyclopedique des  Sciences  Med.," torn.  xvi. 

pt.  1, p. 319. 
2 See also a paper on this subject by S. H. Habershon : "Trans.  Ophth. 

Soc," vol. viii. 1888, p. 190. 
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liave been regarded as independent atrophy (see Part II., 
" Diseases of the Spinal Cord "). It has been indeed suggested 
by Charcot that almost all cases of primary atrophy are of 
this form, that the subjects of them, if they do not present 
spinal symptoms when seen, will do so at a future period. 
This is certainly incorrect. It is probable, from the facts 
observed by Uhthoff,1 that not more than one-half of the 
cases of primary atrophy are associated with disease of the 
spinal cord. 

A similar atrophy may be observed occasionally in general 
paralysis of the insane, and also, although rarely, in dissemi- 
nated (insular) sclerosis, and in lateral sclerosis of the cord. 
The form which occurs in general paralysis is described by 
Clifford Allbutt as often preceded by distinct signs of con- 
gestion of the disc. This is doubted by many, and is certainly 
very often not to be observed, but in one or two cases I have 
seen marked congestion of the discs in general paralysis, 
although unable to follow them to the atrophic stage. 

The pathology of the connection of the optic nerve atrophy 
and the spinal cord changes is still obscure. The fact that 
in locomotor ataxy the atrophy may reach an advanced 
degree when the change in the spinal cord is still in its 
earliest stage, and even when the latter is confined to the 
lowest part, makes it probable that the optic change is an 
associated and not a sequential lesion. At present this pro- 
bability is not lessened by the discovery of J. Stilling2 that 
some fibres of the optic nerve can be traced into the medulla 
oblongata as far as the inferior olivary body. 

It must be remembered that the optic nerve is, develop- 
mentally, a direct prolongation of the central nervous system, 
and that, anatomically, it resembles the white matter of the 
brain and spinal cord. The importance of this relationship, 
in connection with the question of the independent origin 
of changes in the optic nerves and in the spinal cord, has 
been called attention to by Grunn.3 

1
 "Arch. f. Ophth.," vol. xxvi. 1881, pt. 1, p. 277. 

2 " Centralblatt f. prakt. Augenheilk.," Dec. 1880, p. 377. 
:1 " Brit. Med. Journal," 1885, ii. p. 688. 
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The atrophies of the optic nerve which are not associated 
with spinal disease have been ascribed to various causes, the 
influence of some of which is uncertain. Such are: cold, 
sexual excess, menstrual disturbance, gastro-intestinal affec- 
tions, migraine. With better reason they have been ascribed 
in rare instances to syphilis, diabetes, intermittent fever, and 
some acute specific diseases, and the facts regarding their 
relation to these will be considered in Part II. In a con- 
siderable proportion of the cases of primary atrophy uncon- 
nected with spinal disease, no adequate cause can be ascer- 
tained. Tobacco and bisulphide of carbon certainly, alcohol 
and lead possibly, cause amblyopia, and may cause partial 
atrophy, but this is usually preceded by signs of congestion 
or even inflammation, and there is reason to believe that, in 
the case of tobacco at least, the lesion is a neuritis in the axis 
of the nerve. 

Primary atrophy usually affects both eyes, commonly one 
much more, and earlier than, the other, and in rare cases one 
only. 

Secondary Atrophy results from lesion of the optic centres 
or fibres. A cortical lesion in the brain about the supra- 
marginal gyrus (Ferrier) may, there is reason to believe, 
entail loss of sight of the opposite eye. This, although the 
decussation at the chiasma is certainly in man incomplete, 
is explicable by Charcot's at present unproved theory of a 
complemental decussation at the corpora quadrigemina. A 
lesion outside the hinder part of the optic thalamus causes, 
according to this theory, loss of sight of the opposite eye and 
of the opposite half of the field of vision of the same side. 
It is probable that such damage does not for a long time 
cause atrophy of the disc. The case from which PI. II. 5 
is taken makes it probable that such atrophy after a time 
does ensue; and the same conclusion is suggested by a case 
recorded by Bernhardt.1 Lesions of one optic tract causing 
bilateral symmetrical hemianopia, seldom produce distinct 
ophthalmoscopic changes. Some observers have described 
an ultimate slight pallor of the corresponding halves of the 

1 "Berl. kl. Wochenschrift," 1872, No. 30. 
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discs, but this is not often distinct. ID one case of long 
duration, in which the hemianopia was complete and per- 
sistent, in the course of years the whole of the disc of the 
eye in which the area lost was on the temporal side (and 
therefore greatest), became perceptibly paler than the othery 

the tint of the two being at first equal. A similar slight 
pallor of the disc opposite to the cerebral lesion has been 
noted by others in cases of hemianopia of long duration. 

Pressure on the chiasma or nerves at the base of the brain 
is a common cause of optic nerve atrophy without neuritis. 
In the case figured in PL II. 4, although there had been 
slight neuritis, the atrophy was probably due to this cause. 
The pressure may be that of tumours growing from any of 
the adjacent structures, exostoses from the bone, or aneurisms 
from the adjacent arteries.    It not uncommonly results from 
internal hydrocephalus—the distended third ventricle com- 
presses the chiasma directly, pressing first on the upper and 
posterior aspect, where, as Michel has shown, a depression 
may be thus produced.1    Meningitis is another cause which, 
while commonly producing optic papillitis, if extending to 
the nerve, may, in rare cases, cause blindness and atrophy 
without intra-ocular inflammation, by pressure without in- 
flammatory invasion, or it may cause blindness and atrophy 
out of proportion to neuritic mischief, and often after the 
inflammation of the papilla has subsided.    It is  probable 
that the local neuritis in these cases is often much more 
intense than is  suggested  by  the  degree  of   intra-ocular 
inflammation.    It is said that obstruction, by embolism or 
thrombosis, of one middle meningeal artery, which supplies 
the dura mater around the optic foramen, may be followed 
by atrophy of that optic nerve.    Tumours, exostoses, and 
meningitis may damage the nerves in front of the chiasma, 
and so affect the two eyes equally, or one to a much greater 
extent than the other, or one exclusively.    The atrophy from 
these causes is white or grey. 

1 Compression and flattening of the chiasma from ventricular distension 
was noted   by Cheselden in the last century.    (" Phil. Trans.," No. 337 
p. 281.) 
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Damage to the optic nerves causing atrophy may also occur 
in the optic foramen or in the course of the nerve through the 
orhit. Narrowing of the foramen by bony thickening, and 
rheumatic or syphilitic or traumatic mischief, producing 
pressure at the back of the orbit, close to the foramen, are 
not rare causes of atrophy. Blows on the head commonly 
produce atrophy by direct injury to the nerve, but it is pro- 
bable that they occasionally cause, by the effect of the shock, 
a gradual degeneration. The ultimate atrophy which results 
from these causes is usually more or less distinctly grey in 
aspect, and the grey tint may be as marked as in the form sup- 
posed to be characteristic of spinal'disease (see PI. II. Fig. 3). 

Mischief in the orbit may cause a process of " retro-ocular 
neuritis." This is assumed when transient signs of congestion 
are present in the disc, accompanied by constriction of vessels 
and the development of tissue adjacent to them; so that 
ultimately there is considerable narrowing of the retinal 
vessels, as in the atrophy which is consecutive to intra-ocular 
neuritis. Sometimes the signs of neuritis are more marked. 
The nerve may be thus damaged by the extension of inflam- 
mation to the orbit in erysipelas of the face.  ' 

Papillitic or consecutive atrophy results from intra-ocular 
neuritis, as already described. 

Retinal and Choroiditic Atrophy.—Lastly, damage to the 
retina entails an atrophy of the optic nerve, which pro- 
gresses, sometimes slowly, sometimes quickly, but is usually 
incomplete. Now and then atrophy of the optic nerve follows 
a cause which seems to act by giving a shock to the retina, 
that leaves no trace behind—e.g., the complete amaurosis, 
which may accompany the onset of embolism of one branch 
of the retinal artery, and is usually temporary, may some- 
times be permanent, even though all the other branches of 
the retinal artery are previous. Atrophy sometimes follows 
a blow on the eye, as in a ease related by Laqueur, in which 
a blow caused complete amaurosis without visible changes in 
the fundus, and simple atrophy followed. Such cases are of 
medical interest on account of the light they throw on the 
action of some general causes.    It is rarely that any con- 
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siderable degree of atrophy follows retinitis. Commonly, the 
cause of retinal atrophy is obvious on ophthalinoscopic 
examination, and the medical interest of this form is sub- 
ordinate to that of the retinal change. After choroiditis 
the disc has often a yellowish-red tint, as already described 
(p. 110). 

ANATOMICAL CHANGES.—Atrophy of the optic nerve is 
never confined to the papilla; the changes are marked 
throughout the whole length of the nerve, and in primary 
atrophy are usually equally distributed. The size of the 
nerve varies very much; in some forms of primary atrophy it 
is markedly smaller than normal, somewhat translucent but 
scarcely grey, and under the microscope may present merely 
a wasting of all the structures of the nerve, fibres and con- 
nective elements, with, especially in recent cases, products of 
the degeneration of the nerve fibres, granules and globules 
of fat, compound granule cells, " corpora amylacea," and 
other products of degeneration of the nerve fibres. The 
position of the latter may at first be marked by rows of fatty 
particles. In other cases the nerve may be little diminished 
in size, but may present under the microscope a great 
increase in the interstitial connective tissue, fibres, and cells, 
with disappearance of the nerve tubules. Commonly the 
change is greater in the circumferential portions of the 
nerve than in the central.1 Occasionally the reverse is 
the case. In atrophy from pressure on the nerve, its size 
is usually greatly reduced, and the increase of connective 
tissue is very considerable. 

In primary grey atrophy the nerve trunk is usually little 
reduced in size, and is grey and gelatinous in appearance. 
Microscopically, it presents an increase in the connective 
tissue trabeculse, and an atrophy of the nerve fibres. The 
medullary sheath first disappears, and afterwards the axis 
cylinder. It is said that the nerve fibres may be reduced to 
fine fibrous threads. Products of myelin degeneration may 
be found in the earlier stages.    Sometimes the change is 

1 Leber: "Arch. f. Ophth.," xiv. p. 182. 
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peculiar ;   there   developes   round   the   vessels   a   peculiar 
gelatinous-looking tissue containing a few nuclei and indis- 
tinct concentric fibrillation.    The normal arrangement of the 
trabeculce disappears, and a section of the nerve (Fig. 51) 
shows islets and tracts of this tissue, in the centre of each 
of which  a vessel  can  be traced.    They  may  occupy  at 
least half the area of the section.    Between them lie the 
fasciculi of degenerated nerve fibres with little increase in 
their interstitial tissue.    In the case figured, the atrophy was 
confined to one optic nerve, and its cause was obscure.    The 
same histological condition   may be  present  in the  grey 
atrophy of locomotor ataxy.1    In other cases of grey de- 
generation (according to Leber's  observations) the change 
may be more uniformly distributed through the fasciculi. 
The degeneration is sometimes found in certain areas much 
more intensely than elsewhere.    In a case of locomotor ataxy 
in which sight was not known to be impaired, I found only 
a great increase of tissue, consisting of nuclei and fibres, 
at the nodal points of the trabeculse, and a little gelatinous- 

Fio. 51.—GREY ATROPHY OF OPTIC NERVE : TRANSVERSE SECTION, 

MIDWAY BETWEEN THE EYEBALL AND THE OPTIC FORAMEN. 

The trunk of the nerve was grey, and gelatinous in aspect, and was not 
diminished in size. The other optic nerve was healthy. The nerve 
fibres are completely degenerated, a granular tissue representing them. 
The normal trabeculse have disappeared, and through the section of the 
nerve are scattered tracts and islets of a slightly fibrillated, in places 
almost homogeneous, colloid looking tissue. These tracts enclose vessels 
which can be distinguished, small in size, and with thickened walls, in 
the centre of each,    (x 150.) 

1 Cf. Perrin and Poncet's " Atlas "—Atrophy of the Optic Nerve. 
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looking tissue immediately adjacent to the wall of the vessel. 
It would probably be unjustifiable to assume that this repre- 
sents the commencement of the process of change. Histology 
has not hitherto afforded much information as to the initial 
lesion in these cases. It is on the symptoms that the theory 
of a primary nerve degeneration is based. 

In cases of primary atrophy of the nerve the retina 
is degenerated only in its inner layers—nerve-fibre and 
ganglion-cell layer, as Virchow first showed.1 The other 
retinal elements may persist in a perfectly normal condition 
even for many years. Perrin and Poncet could find no 
change, except in the two inner layers, in a case of ataxy 
in which sight had been lost for thirty years. 

The degeneration from damage to the trunk of the nerve 
ascends to the chiasma, and descends to the eye. It is long 
in passing the chiasma, and, even with complete atrophy of 
one optic nerve, the optic tracts are only slightly reduced in 
size, that on the side opposite the affected nerve being rather 
smaller than the other, without naked-eye evidence of de- 
generation ; and I have found that the microscopic changes 
are nearly equally distributed through the two.2 When 
both optic nerves are degenerated the optic tracts may pre- 
sent the same condition, traceable (as Tiirck pointed out) as 
far as, and involving, the external corpora geniculata. 

Consecutive or Post-papittitic Atrophy. — The microscope 
shows the substance of the disc to be occupied by nucleated 
connective-tissue fibres, among which, commonly, few or no 
traces of nerve fibres are to be discerned. Often, however, 
the nuclei, by their grouping, indicate the position of the 
intervals between the fasciculi of former nerve fibres. The 
retinal layers are displaced outwards (Fig. 21), an im- 
portant sign of the preceding swelling, and both they and 
the commencement of the choroid may present some dis- 
turbance. The atrophy of the rest of the retina is confined 
to the inner layer, especially affecting the layer of nerve 
fibres. 

1 Virchow's " Archiv," vol. x. 1856. 
- " Centralblatt f. die nied. Wissensch.," 1878, No. 31. 
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SYMPTOMS.—The symptom of atrophy is affection of sight 
proportioned to the damage to the nerve fibres. The patient 
becomes conscious of a cloud over objects, which increases; 
of difficulty in seeing certain minute objects, such as small 
print: and sometimes of a dark area in some part of the 
field of vision. Examination shows a change in sight in 
three directions—(1) diminished acuity of vision ; (2) altera- 
tion in the field of vision ; (3) altered perception of colours. 

1. Diminution in the acuity of vision is invariable when 
the atrophy is pronounced; it is almost always more con- 
siderable in one eye than in the other. In estimating it 
care must be taken to ascertain and correct any errors of 
refraction and defects of accommodation. It may vary from 
a slight degree to complete loss. It is commonly, but not 
always, proportioned to the degree of change in the optic 
nerve visible with the ophthalmoscope. 

2. Alteration in the field of vision may be of several kinds. 
It is almost as constant as the diminution in the acuity of 
vision. The form is commonly a limitation at the margin of 
the field, progressing concentrically until only a small central 
area is left, such as is shown in Fig. 52.    Such a limitation 

TIG 52.-CONCENTEIO LIMITATION OF LEFT FIELD OF VISION IN A CASE 

OF ATROPHY OF THE OPTIC KEKVE. 

The outer boundary of the figure is the limit of the normal field.    The inner 
white area is the area of the restricted held. 
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may progress much more on one side of the field than on the 
other, or it may progress much more in one part of the field 
than in another, so as to cause a sector-like defect. Occa- 
sionally the diminution is limited to one-half of the field, 
vertical or lateral. Lastly, in some cases, the first loss is a 
central one, in the middle of the field, a " central scotoma," 
as it has been termed. There is often in these cases dimness 
of the peripheral vision, without concentric narrowing of the 
field. 

3. Colour-Blindness.—In many cases the perception of 
colours is perverted. There are two methods of testing colour- 
vision. If the patient possesses sufficient intelligence, he may 
be asked to identify certain colours. If the patient is unintel- 
ligent, the "confusion method" must be adopted, by which 
the colours which are seen alike are ascertained. The former 
method, however, sometimes gives the more valuable in- 
formation. 

Modern physiological speculation suggests that there are 
four fundamental colours, related in complementary pairs, red 
and green, yellow and blue.    The area of the field of vision 
in which these colours are seen varies for each.    If coloured 
objects are moved from the centre of the field to the peri- 
phery, the first simple colour to be unperceived is green, the 
next red, and yellow and blue are lost near the edge of the 
field for white.     Commonly yellow is lost before blue, but 
sometimes the latter is lost first.    If the distance at which 
each colour ceases to be distinguished in various parts of the 
field is marked upon a chart, we have a series of concentric 
lines such as shown in Fig. 53, in which the most internal 
is the field for green, and the  most external the field for 
yellow, the outer circle being that for white.     The amount 
of light influences very much the area  of  the  fields, and 
those shown in Fig. 53 were taken upon a dull day, and 
present the  minimum  normal  fields.    Fig. 54  shows  the 
respective fields of larger size, and the blue field the most 
extensive.    Compound  colours  are  lost  sooner  than  their 
constituents, and the inner circle in Fig. 54 represents the 
field for violet, which is even smaller than that for green. 
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Commonly, in atrophy of the nerve, the first defect is for 
green and red, and hlue and yellow are lost subsequently. 
The order of affection is commonly that in which the fields 
are arranged on the retina. The simple colour first lost in 
passing from the centre to the periphery of the retina is that 
first lost in atrophy, green ; and the last to he lost is blue or 
yellow.1 Thus a girl, lately under observation, suffering 
from disseminated sclerosis and commencing grey atrophy, 
recognized, with the affected eye, every colour except green, 
which she called red or brown. In another case there was 
entire loss of perception for green only. Occasionally red 
appears to be lost first.    A patient with ataxy and advanced 

FIG. 53.—A REPETITION OF FIG. 39.    DIAGRAM SHOWING THE FIELDS OF 

COLOUR-VISION IN A NORMAL EMMETROPIO EYE ON A DULL DAY. 

The fields are each rather smaller than on a bright day. The asterisk indi- 
cates the fixing point, the hlack dot the position of the blind spot. 
(Usually the blue field is larger than the yellow.) 

1 It is doubtful whether this is true of violet, which is a compound colour. 
In some cases (it is said in hysterical amblyopia—Charcot) violet is first lost. 
Sometimes, however, it persists to the last. Abadie suggests, on the theory 
that the same fibres conduct all colour impressions, that the first degenerative 
change in the fibre interferes with its power of conducting the special impres- 
sion excited by green rays, and the further changes abolish its power of 
conducting the impressions excited by other rays, in the order above given. 
("Ann. d'Oculistique," 1878.) 
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, 

1 

atrophy (under the care of Dr. Buzzard) stated that the first 
loss of the sense of colour of which he was conscious, was 
that he could see no colour in a scarlet geranium. Eed 
gravel looked grey to him. Soon afterwards the grass also 
looked grey, and he could not, at a little distance, distinguish 
it from the gravel. "When examined, violet alone was seen 
as a colour, he said it looked blue. A medium blue was seen 
as white. Cases have also been met with by Uhthoff, Leber, 
and Treitel in the stage in which perception of red was lost 
and of green was preserved. The loss of perception of colour 
is often rather a colour amblyopia than blindness, large pieces 
of colour may be seen when small spots are not. The 
fields for colour-vision may present alterations similar to 
those already described as occurring in the field for white. 

Abadie1 has lately attributed especial, and certainly undue, 

FIG. 54.—FIELDS OF VISION FOR DIFFERENT COLOURS. 

{After Snellen and Landolt.) 

w,  white ;   B,   blue ; Y,  yellow ;  R, red ; G, green;   v, violet.    These are 
probably the maximum normal fields for each colour. 

luAnn.   d'Oculistique,"  1878,   and  Lebris,   "These sur les   Differentes 
Formes de l'Atrophie de la Nerf Optique."    Paris, 1878. 
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importance to the loss of colour-vision as a supposed distinc- 
tion of the parenchymatous from the interstitial forms. It 
is probahly of little significance as regards these forms. The 
most characteristic loss usually attends interstitial processes. 

Relation of Symptoms to Form of Atrophy—-It was suggested 
by Leber that the central fibres of the optic nerve, on their 
emergence,  probably  occupy  the  most  superficial  of   the 
nerve-fibre layers of the retina, and have the longest course, 
while  the  fibres in the circumference of the nerve lying 
deepest in the retina end soonest.    On this theory a con- 
centric limitation of the field was ascribed to an affection 
of the  axial fibres  of  the nerve,  the  central scotoma to 
that of the circumferential fibres.    Forster, however, reversed 
this theory, ascribing the central scotoma to an affection of 
the axial fibres of the nerve.    Eecent investigations have 
■conclusively proved that Forster's view is nearer the truth. 
Two cases have been published, one by Samelsohn,1 the other 
by Nettleship and Edmunds,2 in each of which a central 
scotoma was found to be due to the degeneration of a tract 
of fibres, which at the back of the orbit occupied the axis of 
the nerve, but in front of the entrance of the central artery 
lay on the outer side.    Thus the hypothesis of Forster that 
a central scotoma might be an indication of " axial neuritis "J 

is verified.    Moreover,  the  converse  verification has been 
afforded by a case recorded by Wilbrand and Biswanger,4 

who found that a peripheral defect in the field of vision was 
due to an affection of the circumferential portion of the optic 

nerve. 
Concentric limitation of the field is very common in all 

forms of atrophy. In the spinal and simple progressive forms 
it most frequently begins on the outer side, but may com- 
mence on the inner side above or below. The acuity of 
vision may fail at the same time, or may remain normal until 

1 "Centralbl. f. mod. Wissensch.," 1880, p. 418. 
- " Trans. Ophthalmological Society," vol. i. 1881, p. 124. 
3 See Wilbrand : " Klin. Monatsbl. f. Augenheilk.," Dec. 1878 
4 " Centralblatt f. med. Wissensch.," 1879, p. 923, from the " Breslauer 

Artzl. Zeitschrift," 1879. 
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the field is reduced to a very small area. When acuity is 
preserved, if the limitation is regular and sharp, central 
colour-vision may be normal, but the fields are reduced in 
area, preserving their normal relation to the field for white. 
"When the limitation, although sharply defined, is irregular, 
colour-vision is usually much impaired (Nettleship1). If, with 
considerable concentric narrowing, acuity of vision has failed 
greatly, colour-vision is usually much impaired or lost. 

A loss of one-half of the field of vision (apart from cere- 
bral hemianopia) is met with chiefly in secondary atrophy, 
especially when the cause is pressure on the chiasma, the 
temporal halves of the fields being then usually lost 
(see p. 72). But a loss of one-half of the field is met with 
in rare cases of primary atrophy. Thus in a case of grey 
atrophy associated with locomotor ataxy, the patient averred 
that he rapidly lost vision outwards in each eye. When he 
came under observation there was entire loss of the right 
field and loss of the temporal half of the left field, the loss 
including the fixing point (Figs. 55 and 56). Precisely the 
same affection of sight was present in a case of tabetic 
atrophy described by Treitel.2 

R L 
FIG. 55. pIG. 56_ 

FIELDS OF VISION IN A CASE OF LOCOMOTOR ATAXY WITH GREY 

ATROPHY. 

The shading indicates loss.     The outer clotted line indicates the field for 
blue, the inner that for yellow. 

1 " British Med. Journal," 1880, ii. 779. 
2 "Arch. f. Ophth. " vol. xxv. 1879, p. 61. 
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Sector-like defects in the field are met with in secondary 
atrophy,  especially   in cases  of   injury   to   the   trunk  of 
the nerve at the posterior part of the orbit.    They also occa- 
sionally occur in simple progressive atrophy and m spinal 
atrophy     A well-marked instance of this condition in spinal 
atrophy is shown in Figs. 67 and 58.   The patient was in the 
earliest   stage   of   locomotor   ataxy.    The optic discs were 
grey and the vessels small; vision was E. TV, L- IJ- _ 
' Sector-like defects in primary atrophy may be, as in this 
case, symmetrical, but they are sometimes unilateral, as in a 
tabetic atrophy recorded by Uhthoff ,* where in one eye there 
was a defect of the upper and inner quadrant, and in two 
cases described by Treitel there was a defect in the inner 
and lower part in the right eye, as in the case figured. 

Central scotomata are usually transversely oval, extending 
from the blind point to the fixing point, sometimes involving 
both, sometimes one only.. It is uncertain at which point 
they usually commence. The periphery of the field is usually 
normal, but it may probably sometimes be restricted. There 
is always a loss of colour-vision, and this may be greater 
and occur earlier than that for white. Bed and green are 
first and may be only lost.     Central scotomata for red are 

SECTOR-LIKE DEFECT IN FIELDS OF VISION IN A CASE OF 

SPINAL ATROPHY. 

The shading represents amblyopia, the black loss.    The clotted line shows 
the boundary of the field for red.    Where it is absent the held ceased so 
gradually that its limit could not be ascertained. 

1 "Arch. f. Ophth.," vol. xxvi. 1880, pt. 1, p. 277. 
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shown in Figs. 59, 60, and 61. They are met with in cases of 
axial neuritis and degeneration, and especially in cases of 
amblyopia from tobacco.   That the latter depends on the same 

LFFT 

FIG. 59—DIAGRAM OF THE LEFT FIELD OF VISION FOR RED IN A CASE OF 

TOBACCO AMBLYOPIA. 

The outer line is the boundary of the normal field for white. The boundary 
of the outer shaded area is the minimum normal field for red. Red 
could, however, be seen only in the inner white area, and it could not 
be seen in the central shaded area around the fixing point (*). The 
black dot indicates the position of the blind spot. (For the chart from 
which this diagram was prepared I am indebted to Mr. Nettleship.) 

* 

FIG. 60. FIG. 61. 

CENTRAL SCOTOMATA FOR RED, EMBRACING FIXATION POINT AND 

BLIND SPOT. 

No loss for white but considerable amblyopia (16 Jiiger). The patient had 
smoked halfan-ounce of shag daily. The dotted line represents the 
peripheral boundary of the field for red.    (Nettleship.) 
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pathological condition (axial neuritis) is probable, both from 
the character of the affection of vision and from the fact that 
signs of congestion or slight neuritis are often observed at 
the papilla. A central scotoma is occasionally met with 
in consecutive (papillitic) atrophy. It may occur also in the 
atrophy which succeeds loss of blood, and is probably pro- 
duced by neuritis. Central loss is occasionally met with in 
simple progressive atrophy, but in spinal atrophies it is 
extremely rare—has been said, indeed, never to occur. In 
a case under my care, however, there was central scotoma 
(Figs. 62 and 63), associated with the symptoms of lateral 
and posterior sclerosis of the cord, and some cerebral degene- 
ration; the existence of slight papillitis makes it probable 
that axial neuritis existed, and, since the patient smoked a 
little, the influence of tobacco cannot be entirely excluded. 

Peripheral areas of vision, with general loss, are met with 
only in cases of orbital inflammation or in consecutive 
(papillitic) atrophy. The changes in the latter are often 
very irregular. There may be general concentric limitation 
of the field, or, less commonly, a central loss, rarely sharply 
defined. Failure of colour-vision is very frequent, but is 
often less regular in order than in primary atrophy (see 
"Neuritis," p. 71).    The  colour fields may present  very 

CENTRAL SCOTOMATA IN A CASE OF DEGENERATION OF THE 

SPINAL CORD. 

There was a rather larger central loss for red and green, but the peripheral 
amblyopia for these colours was also considerable. 
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irregular defects, as in Figs. 64 to 66, representing the fields 
for white, red, "and green in a case of post-neuritic atrophy. 
That for yellow and blue was normal, except for a limita- 
tion below, and to the inner side, corresponding to the field 
for white. They were taken nine months after the subsi- 
dence of neuritis, when acuity had improved to g. Uhthoff 
once met with a central scotoma for blue only. 

As a rule there is more or less correspondence between 
the pallor of the disc and the failure of sight. When it is 
considered, however, that the tint of the disc depends on its 
blood-vessels, and the amount of vision on the integrity of 
the nerve fibres which merely pass through the disc, and have 
a long course on each side of it, it is not surprising to find 
that the correspondence between the tint and vision is not 
always close. A very remarkable case has been recorded by 
Krenchel,1 in which the optic discs of a boy became " as 
white as porcelain," although vision was normal. After some 
time, however, sight failed with great rapidity. 

DIAGNOSIS.—The diagnosis of simple atrophy of the optic 
nerve rests especially on the change of colour, and the chief 
'difficulty in the diagnosis is due to the degree of pallor 
sometimes seen as a physiological condition. The existence 
of amblyopia, otherwise unexplained, is strong evidence that 
the pallor is pathological. The pallor of the temporal half 
of the normal disc may be great when the physiological cup 
is large, and, as already stated, may easily be mistaken for 

w. 
FIG. 64. 

FIELDS OF VISION FOR WHITE, RED AND GREEN IN A CASE OF 

PAPILLITIC ATROPHY. 

V Hospitals Tidende," 1878, quoted in Virchow's Jahresbericht," 1878, 

TOI. ii. p. 474. 
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atrophy. It is certain that many normal cases have heen 
described as "atrophy of the temporal half of the disc." It 
is doubtful whether an atrophy is ever, except in toxic cases, 
confined to the temporal half of the disc, in which, ordi- 
narily, the nerve fibres are very few. Although it is true 
that a slight degree of atrophy may produce the most 
distinct changes in this half of the disc, yet some pallor is 
always to be recognized, in such cases, in the nasal as well 
as in the temporal half. The diagnosis of the congestive 
variety of atrophy presents greater difficulties, but rests on 
the uniform distribution of the redness, its soft, velvety 
surface, the slight blurring of the edge of the disc, in com- 
bination with defective vision. 

Beginners sometimes mistake the white crescent of " pos- 
terior staphyloma " for part of the disc, and thus think the 
outer part of the disc, the colour of which is of such special 
significance, is white. Occasionally, especially in myopic 
eyes, the choroid presents a zone of atrophy, soft edged, 
around the entire circumference of the disc, which then has 
an unusual and puzzling appearance. In both these cases, 
however, attention to the fact that the pale zone encloses a 
well-coloured disc will prevent mistake as to its real nature. 

The excavation which accompanies the pallor is of 
secondary diagnostic importance, and it is not often that 
a difficulty in distinguishing atrophy from other forms 
of excavation arises. It may, however, occur. A large 
physiological cup may be bounded by a narrow rim of 
deeply-coloured disc, the boundary of which from the 
choroid may not be apparent on a cursory inspection by 
the indirect method of examination, and the large, deep, 
sometimes grey, cup may be mistaken for the disc. A 
careful inspection of the edge will prevent doubt, and the 
examination by the direct method at once shows the source 
of the error. 

The excavation of atrophy commences at the sclerotic ring, 
and this is a character also of another form of excavation, 
namely, that of glaucoma. But the depth of the glauco- 
matous cup, its vertical sides, and the course of the vessels 
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over the edge, and their subsequent disappearance, are 
diagnostic, especially since the pain which is so common 
(though not invariable) in glaucoma is never present in 
simple atrophy. 

PROGNOSIS.—The prognosis of atrophy of the optic nerve, 
on whatever cause it depends, is always unfavourable in pro- 
portion to the actual destruction of fibres which has taken 
place, and to the extent to which the causes influencing the 
disease  are  beyond  control.     Simple  primary  atrophy  is 
usually due to a tendency to degeneration beyond all influ- 
ence, and the prognosis is, in this form, the least favourable. 
This is especially the case when the atrophy is associated 
with  symptoms  of   degeneration  elsewhere  in the nervous 
system.    Secondary degeneration is  often  the   consequence 
of the  operation  of causes which may pass away, and the 
prognosis is less uniformly grave  than in primary degene- 
ration.    It must, however, always be somewhat uncertain, 
since it is often very difficult to form an accurate opinion of 
the nature of the process causing the damage to the nerve, 
on  which   the   secondary   degeneration   depends.    In   the 
congestive form the prognosis is perhaps rather better than 
in the other forms.    In the atrophy which is consecutive to 
intra-ocular neuritis, we are able to form  a more accurate 
estimate of the course of the affection by the fact that, as 
long as the new tissue of the disc goes on contracting, the 
damage to the nerve fibres increases, and the sight will go on 
failing.    If sight is lost from such   contraction  some time 
before it reaches its maximum, the prognosis is very grave. 
If, however, the loss of sight is incomplete, or only becomes 
complete  when  the   subsidence is nearly over,   some   sub- 
sequent slow improvement may be hoped for, and this may, 
in less severe cases, be very great.    In a case which I have 
published elsewhere,1 for example, probably of tumour in the 
middle lobe of the cerebellum, there was at first double optic 
neuritis, with great swelling.    On the subsidence of the optic 
neuritis, six months later, it had diminished in both eyes to 

1 "Trans. Ophth. Soc," i. 117. 
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_1_ 
l $• 

After this the disc atrophied, but at the same time 
vision improved, until, fifteen months after the first obser- 
vation, it had risen to f, and the pupils, which had shown 
formerly no reaction to light, again acted mormally. Under 
all circumstances, it is unhappily true that a disc which has 
lost all its normal tint never regains its vascularity, and 
useful vision is scarcely ever recovered. 

Some prognostic indications may also be drawn from the 
form of the affection of sight. The gravest, that which 
indicates not merely damage, but destruction of nerve fibres, 
is considerable contraction in the field of vision. In propor- 
tion as this is extensive the prognosis is grave. Lessened 
acuity of vision is of less serious prognostic significance. 
The change in colour-vision is least grave when this depends 
on a toxic cause, or on neuritis ; but is most grave when it 
is due to a primary degeneration, and occurs early. Central 
scotomata rarely go on to complete atrophy. 

Although the chance of restoration of useful vision in pro- 
nounced atrophy is small, in some cases the progress of the 
disease may be arrested, for a time or permanently, and even 
improvement obtained, occasionally considerable in degree. 

TREATMENT.—The treatment of optic atrophy is essentially 
that of the general condition on which it depends—toxic 
influences ; excesses, sexual, physical, mental; cerebral and 
spinal disease, the "neuropathic constitution," &c. The 
treatment of many forms of atrophy which are due to an 
isolated ocular condition is beyond the scope of the present 
work. Cerebral processes may be to some extent influenced 
by treatment. Although it is not certain that there is such 
a thing as an actual syphilitic atrophy, yet atrophy does often 
result from syphilitic intra-cranial disease, and may greatly 
improve with the removal, by appropriate treatment, of its 
cause. Scrofulous brain disease, again, may often be bene- 
ficially influenced, and its effects greatly lessened. In other 
cases counter-irritation, local depletion, purgation, and the 
like, effect good. 

In cases of primary atrophy, which are the result of a 
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i; 

neuropathic tendency, the treatment has to be directed to the 
general health, and nervine tonics are the chief agents to be 
employed. Nitrate of silver has been found useful in some 
cases : in others phosphorus, in others strychnia. The hypo- 
dermic injection of strychnia, so useful in amblyopia without 
ophthalmoscopic signs of atrophy, is of little service where 
these are present. Quinine and iron are in some cases very 
useful. 

When perception of light is not entirely lost, the retina 
may be readily stimulated by an interrupted voltaic current, 
so as to give rise to a sensation of light, and this has suggested 
repeated stimulation of this character as a means of treating 
optic nerve atrophy. Some improvement, following treat- 
ment with the continuous current, has been observed by 
Pye-Smith1 and Grunn2 in a few of their cases; the ex- 
perience of others has also been generally unfavourable. 
I have tried it in many cases, but without results which 
could reasonably be ascribed to the treatment. 

THE  RETINA. 

Apart from the vessels and the optic disc, the changes in 
the retina which are of medical importance, are those which 
are special to certain general diseases, such as syphilis, albu- 
minuria, leucocythsemia, pernicious anoeniia, and the like. 
They will be described in detail in Part II., in the sections 
on the ophthalmoscopic changes in the several diseases. The 
only common feature which these morbid states possess, is the 
development in the retina of haemorrhages and white spots 
and patches. The haemorrhages, their characters and signi- 
ficance, have been already described (p. 25). It may be 
convenient briefly to describe the forms of white patches 
which the retina may present under pathological conditions. 

A diffuse, slight opacity of the retina may be due to the 
derangement of its normal structure, resulting from the 
effusion of serum among the structures which compose it. 
Such  diffuse   opacity   occurs   in   embolism,   neuritis,   and 

1 " British Med. Journal," May 18, 1872. 
2 "Ophth. Hosp. Rep.," vol. x. pt. 2, June, 1881, p. 161. 
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albuminuric retinitis, but in all, and especially in the latter, 
it is usually associated with structural changes. Circum- 
scribed opaque white spots are due to change other than 
that of simple oedema, and commonly of four varieties : (1) 
Fibrinous exudations which undergo coagulation ; (2) the 
accumulation of corpuscles, similar in appearance to those of 
the nuclear layer, and also to the white corpuscles of the 
blood, so that it is doubtful from which source they are de- 
rived ; (3) fatty degeneration of the retinal elements, perhaps 
also in part of fibrine from the serum effused in simple 
oedema, and of the remains of blood clot; (4) a fibroid change, 
a process of " sclerosis " of the retinal elements is described as 
an occasional cause of a white spot, but is more frequently 
confined to the perivascular tissues and vessel-wall. 

These conditions are frequently combined. The fatty 
degeneration may exist alone, as the sole cause of a white 
spot, Corpuscular accumulation usually involves a good 
deal of fatty degeneration in the cells and in the disturbed 
retinal elements. Sclerosis of the retinal structures is also 
in most cases associated with fatty degeneration. 

It is often impossible to say, from the ophthalmoscopic 
appearance, on what change, the white spot depends. Minute 
granular-looking spots, brilliantly white, are commonly due 
to fatty degeneration of retinal structures or of leucocytes, &c. 
Larger white spots, if soft edged, are commonly effused fibrine 
or accumulations of leucocytes, especially if situated beneath 
the nerve-fibre layer. Fatty degeneration of the retinal 
structures is, however, commonly associated. White spots in 
the superficial layer of the retina, most common in Bright's 
disease, are due usually to degeneration of the nerve fibres. 

Growths in the retina sometimes occur in cases in which there 
are other growths elsewhere. The disc shown in PI. III. 4 
was from a boy who had cerebral tubercles, and whose other 
eye was the seat of a tubercular growth behind the retina. 

The occurrence of miliary tubercles of the retina has been 
suspected by many observers. White spots are sometimes 
seen adjacent to the disc in cases of tubercular meningitis, 
and  such  a  spot in one case I found to be made up of 
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lymphoid cells like those of the nuclear layers in which it 
was situated. Bouchut has seen white spots at a distance 
from the disc, near the vessels. Microscopically, he always 
found them to contain only products of fatty degeneration. 
He suspected them to he caseous tubercles, but there was 
no direct evidence that this was their nature (see Part II.). 

Since the white spots in the retina which have been de- 
scribed, are present in many forms of retinal disease which 
occur secondarily to, and are significant of, general diseases, 
it is of great importance to distinguish them from other 
appearances which have a different significance. 

First, it is necessary to distinguish whether the white spot 
is in the retina or in the choroid. Most choroidal white spots 
are due to atrophy of the choroid, and their distinction is easy. 
The atrophy of the choroidal pigment permits the white 
sclerotic to shine through; some choroidal vessels may have 
escaped destruction and course across the white patch; its 
edge is always more or less irregular, and usually much pig- 
mented; or the choroid may exhibit adjacent slighter dis- 
turbance. It is easy to recognize by the " parallactic test" 
(also in the direct method by attention to the time required 
for the necessary change of accommodation), that the exposed 
sclerotic is some distance behind any retinal vessels which 
pass in front of it. Occasionally, however, a white spot in 
the choroid is due to a recent formation, an inflammatory 
" exudation," or a growth such as tubercle. This is pro- 
minent, and may be difficult to distinguish from a white 
spot due to change in the nuclear layers of the retina. In 
some cases a little pigmentary disturbance in the neighbour- 
hood may be seen; in others the white surface is distinctly 
so far behind the retinal vessels as to be obviously at the cho- 
roidal level. If sufficiently prominent to disturb the course 
of the retinal vessels, the prominence may be recognized and 
seen to be considerable in degree. In other cases, the con- 
ditions of origin of the spot may assist the diagnosis. It 
must be remembered that large choroidal exudations may 
cause opacity of the overlying retina. 

White spots due to the persistence of the white substance 
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of the retinal nerve fibres, or to connective tissue at the back 
of the vitreous, may be mistaken for new formations m the 
retina.    They have been already spoken of.    Pigmentary de- 
posits in the retina may be left after extravasation of blood, 
but such are always small.    More extensive pigmentation is 
commonly the result of the accumulation m the retina of 
its disturbed  pigment, and  is   a  consequence of choroido- 
retinitis, or it is a result of the so-called retmitis pigmentosa. 

Eetinitis pigmentosa appears to have some obscure con- 
nection with morbid states of the nervous system     It occurs, 
as Liebreich first pointed out, very frequently in the off spring 
of marriages of consanguinity.   It has been thought to be con- 
nected with inherited syphilis, but the evidence on the subject 
scarcely supports the theory.    It often occurs   however   m 
families in which there is a history of nervous disease.    Ihis 
is well illustrated by three out of four cases of the disease 
narrated by Mr. Nettleship.i   Of the first patient, two cousins 
were epileptic and two insane.   Of the second, the grandfather 
and great aunt were insane, and an aunt half imbecile, and 
a brother paraplegic-    Of the third patient, the mother was 
epileptic, and probably also suffered from retmitis pigmentosa. 

THE CHOROID. 

Choroidal changes, like those of the retina, are  for  the 
most part the result of special diseases, and their characters 
will be described in greater detail in Part II.    Hemorrhages 
are rarely seen, although their consequences are   sometimes 
met with.    The common changes consist in white spots and 
the disturbance of the choroidal pigment, which so constantly 
results from any changes in its structure.    The white spots 
are either new formations or patches of atrophy.   The distinc- 
tions between them have just been alluded to in describing 
the diagnosis from retinal changes.     White spots, not atro- 
phic   are the result of inflammation, or  growths-tubercle 
or lymphadenoma.      The latter are extremely rare and only 
occur when the general lymphatic disease is well marked 
Tubercles are isolated and small-rarely   large.      Pigment 

i " Oplith. Hosp. Rep." ix. 170. 
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may be seen adjacent to the older formations. The evidence 
of the general disease is almost always so prominent as to 
prevent the possibility of error. In acute choroiditis the 
white patches are large and numerous : the signs of the 
dyscrasise associated with growths are absent, and there is 
often a well-marked history of syphilis. The results of 
previous choroiditis are very conspicuous atrophic and pig- 
mentary changes, often associated with pigmentary deposits 
in the retina. It must be remembered that this pigment 
frequently occupies only or chiefly the peripheral portions of 
the choroid, and an examination confined to the neighbour- 
hood of the optic disc may be insufficient to discover it. The 
changes are very important, on account of the frequency with 
which the inflammation causing them is the result of syphilis. 
They are also interesting to the physician as associated, in 
some other cases, with evidence of a family tendency to 
nervous disease.1 It is possible that inherited syphilis may 
be the link between these morbid states. 

Choroidal exudations (local) sometimes occur about puberty, 
resembling choroidal tubercles, and it has been suggested that 
these are really foci of scrofulous or tuberculous inflammation. 

Chronic choroidal degenerations sometimes occur as a 
senile change, possibly in consequence of general arterial 
degeneration.2 Circumscribed changes may result from 
haemorrhage. Amyloid degeneration of the choroidal arteries 
was found by Knapp in a case in which haemorrhage occurred. 

Embolism of choroidal vessels was believed by Knapp to 
be the cause of morbid appearances in two cases of heart 
disease observed by him.3 In each there was sudden affec- 
tion of sight, at first general and then central, accompanied 
by achromatopsy. Corresponding to the scotoma, there was 
a localized retinal opacity with hyperaamia. The opacity, 
ascribed to effusion, extended to the optic disc. Sight, and 
the appearance of the fundus, ultimately became normal. 

1 Instances of this have been related by Mr. Nettleship. (" Ophth Hosp 
Rep.," ix. 178.) 

- Ilutchinson and Tay : "Ophth. Hosp. Rep.," vol. viii. Poncet : "Ann 
tl'Oculist.," 1875. 

3 "Arch. f. Ophth.," Bd. xiv. 
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PAET   II. 

OPIITHALMOSCOPIC  CHANGES IN SPECIAL 
DISEASES. 

DISEASES   AND  INJURIES   OF   THE   NERVOUS 
SYSTEM. 

DISEASES   OF  THE BRAIN. 

IN diseases of the brain, two forms of ophthalmoscopic 
change may be met with:—Firstly, those which are a con- 
sequence of the general condition by which the cerebral 
disease is produced—associated changes; and, secondly, those 
which are the consequence of the cerebral disease—consecu- 

tive changes. 

Hi 

T, 

ANEMIA AND HYPERJEMIA OF THE BRAIN. 

It has been supposed that the state of the circulation 
in the eye and brain correspond, and that the anaemia and 
hypercemia of the brain are revealed by similar conditions m 
the fundus oculi, and especially in the vessels of the retina 
and optic nerve; the vascularity of the choroid being too 
great to permit of the recognition of any change in its 
circulation. But, as already stated (p. 19), this conclusion, 
if true at all, is true only within narrow limits. Local 
influences, chiefly perhaps the intra-ocular tension, so in- 
fluence these vessels, that they undergo little alteration 
when changes occur in the condition of the vessels of the 
brain. The eyeball participates in variations in the blood- 
supply  to the  whole head,  but it does not share simple 
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1    i 

vascular states of the brain (in which the rest of the head 
does not participate) to a degree that can render it an index 
to the existence of those states. This statement applies 
especially to the retinal vessels: it is in these that 
alterations can be most readily perceived. It applies also 
to the optic nerve; but in this, alterations are more readily 
produced by encephalic changes, although to only a slight 
extent and not, perhaps, in a direct manner. 

Cerebral Hypercemia.—There is no sufficient evidence to 
show that the vascularity of the disc or retina participates in 
any transient cause of cerebral congestion, unless the whole 
head suffers. But in some cases of long-continued vascular 
disturbance, and in morbid states which are ascribed, with 
some probability, to cerebral congestion, ophthalmoscopic 
changes are sometimes to be seen—a transient increase of 
colour, sometimes with slight blurring of the edge. But in 
most of these cases there is evidence of grave functional 
disturbance of the brain or prolonged hypersemia. Instances 
are such congestions as are shown in PI. I. 1 and 2, and 
the bright injection of the discs described by Macnamara 
as occurring during the headache produced by exposure 
to the tropical sun, increasing to papillitis when actual 
meningitis is developed. 

This conclusion—the absence of any marked vascular 
alteration in the eye in changes in the cerebral circulation— 
is at variance with early statements and a priori theories; 
but it is abundantly supported by skilled observers.1 

1
 See, for instance, the statements of Manz, Schmidt-Rimpler, and others, 

at the discussion at Heidelberg, reported in the " Ann. d'Oculistique," 
YOI. lxxiv.  1875, p. 262, et seq. 

It must be remembered that " congestion of the brain" as a name is 
exceedingly convenient, especially to those who are called "ready dia- 
gnosicians," but for whom "unscrupulous namers " would be a more exact 
designation. Apart from these, however, the condition is invoked with a 
readiness that cannot but excite surprise in those who know how different 
is the significance of the symptoms it is considered to cause. Further, the 
evidence that may suffice for " practical diagnosis " is often wholly inadequate 
for scientific reasoning. Very red discs, simply suggestive of cerebral 
congestion alone, prove nothing. To be of significance the redness must 
lessen in an unequivocal degree as the symptoms go. 
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Lastly, it is probable that when cerehral hyperaemia is 
■due to blood states, the cause may also influence the optic 
disc   and induce congestion.     But this has not  yet  been 

proved. 
Ancemia of the Brain is rare as a primary vascular con- 

dition, except as part of a general cephalic anaemia. It is 
possible that in the same stage of an epileptic fit in which 
there is pallor of the face, there may also be pallor of the 
disc; but no evidence of this fact has at present been 
obtained, and it is unlikely. Indeed, it is questionable 
whether any diminution in the tint of the disc has ever 
been observed to coincide with a diminution in the amount 
of blood within the brain alone. It is not probable that 
there is such a diminution at the onset of an epileptic fit; 
the pallor of face usually precedes instead of following the 

onset. 
When  the  cerebral  anaemia  is  part   of   a similar   state 

affecting  the whole head, the retina certainly participates, 
although it is not often that an opportunity is obtained of 
observing this with the ophthalmoscope.    But loss of function 
of the retina affords evidence of its participation; transient 
loss of sight, probably from this cause, may follow syncopal 
seizures.    In an instance that  came under my observation, 
a lad engaged in a stooping occupation in a hot crowded 
room, felt faint, and went out into the cool night-air.    On 
re-entering   the  room  he   could   not   see :   the  room was 
absolutely dark to him.    After sitting still for a few minutes 
sight slowly returned.    It is hardly conceivable that the loss 
of sight was the result of anaemia of the brain, because the 
other cerebral functions were scarcely affected, and the loss 
of    sight   persisted   after   he    otherwise   felt   quite   well. 
Probably   the   retina   shared   the   cephalic   anaemia   (due 
to heart-failure), and suffered in function more and longer 

than the brain.1 

» This fact is one ot some significance. It suggests how extremely 
sensitive the retina is in its function, and therefore must be in its nutrition, 
to sudden influences. 
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INFLAMMATION OF THE BRAIN. 

Acute general inflammation of the brain cannot occur 
except in association with meningitis. The latter is the 
predominant lesion, and to it the symptoms are customarily 
ascribed. Certainly, of ophthalmoscopic changes in acute 
inflammation of brain without meningitis, we know nothing. 
Of course such cases of " active hyperaemia" as those 
described in the last section, as occurring from the effects 
of insolation, may be regarded as cases of encephalitis. 
There is no sharp line to be drawn between " active con- 
gestion " and " inflammation," but there appear to be no 
pathological facts to warrant us in regarding the morbid 
process in these cases as actual inflammation. Local acute 
inflammation is probably always secondary. But it is 
probable that any local inflammation of the brain will cause 
neuritis if it continues for a sufficient time. 

There is, however, a class of cases to which the term 
" chronic encephalitis," or, perhaps, more accurately, " chronic 
cerebritis," appears fully applicable, and in which there may 
be very marked ophthalmoscopic changes. These cases pre- 
sent evidence of mental and motor failure, the latter may be 
local and attended by convulsion. Death may be preceded by 
coma. Headache is often severe. There are not the tremors 
or mental peculiarities of general paralysis, the symptoms 
resembling much more closely those of cerebral tumour. 
Post-mortem there is no sign of meningitis ; the brain may 
present evidence of degeneration, sometimes of wasting, but 
no " focal" disease. Such cases may be attended by optic 
papillitis very similar to that found in cerebral tumour, due 
most probably to the propagation of an irritative process 
from the cerebrum along the nerves. A well-marked case of 
this kind has been described by Hughlings-Jackson.1 Dr. 
Sutton's microscopical examination of the convolutions showed 

i <( Ophth. Hosp.  Rep.,"viii. 445. 
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only an undue number of the " spherical nuclear bodies," and 
in places, instead of the normal pyramidal nerve cells, were 
large numbers of staining nuclei, with unstaining cell-bodies 
around them.    In places these nuclei were aggregated into 
groups of ten or twenty.    The neuroglia was more granular 
than that of a healthy brain.    The optic nerves, examined 
by myself, presented the characteristics of moderate papilfitis, 
the  swollen  papilla  being  infiltrated  with nuclear  bodies 
similar to those seen by Dr. Sutton in the brain.    Similar 
corpuscles  were  so  abundant  throughout the optic nerves 
as  to  justify  the   assumption  that  the  neuritis had  been 
" descending " (Figs. 47,48).    A case published by Noyes, in 
1873, was probably similar.    Double optic neuritis, passing 
into atrophy, was accompanied by severe pain in the head, 
and paralysis of various cerebral nerves and unsteady gait. 
After death, no lesion of the brain was discovered.    More 
recently, a well-marked case of the same kind, also accom- 
panied  by  optic  neuritis, has  been  recorded  by   Stephen 

Mackenzie.1 

In the rare cases in which haemorrhage, or softening from 
vascular occlusion, causes optic neuritis, the effect is doubtless 
produced through the agency of secondary inflammation. 

Oases are sometimes met with in which we have a diffi- 
culty in assigning to inflammation or growth the chief share 
in the morbid process. Such cases may be accompanied by 
descending neuritis, and simulate closely the symptoms 
of cerebral tumour. PI. VI. Pig. 2 shows the optic disc in 
such a case. In this case, local injury, years before, had 
caused the production of cheesy degenerating tissue beneath 
the membranes over certain convolutions, and a more widely 
spread but irregularly distributed meningitis had led to 
vascular disease, from the effects of which the patient died. 
The optic nerves were infiltrated with leucocytes, and 
" miliary abscesses " were found in the optic tracts (Pigs. 

23 and 33). 
1 "Brain," vol. ii. p. 257. 
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CEREBRAL HEMORRHAGE. 

Associated Changes.—The common form of cerebral 
haemorrhage is due to the rupture of " miliary aneurisms " ; 
that is, minute arteries suffer in the nutrition of their wall, 
which yields before the blood-pressure, and the dilatations 
thus produced are called aneurisms. The conditions which 
give rise to these aneurisms seldom influence the arteries of 
the retina, but the capillaries suffer in a similar manner very 
frequently, and thus small extravasations occur. In Fig. 
3, p. 17, are shown capillary aneurisms from a case in 
which cerebral and retinal haemorrhages coexisted. These 
associates, retinal and cerebral aneurisms, occur, however, 
almost exclusively in kidney disease. Aneurisms on small 
arteries, the true "miliary aneurisms," are rare. Probably 
this is due to the uniform support afforded to the arteries of 
the eye. Aneurisms are also depicted in PL XII. from a 
case in which all the conditions for the production of cerebral 
haemorrhage were present in extreme degree. It is taken 
from a woman aged thirty-six, who had advanced kidney 
disease with great cardiac hypertrophy, and very high 
arterial tension. On ophthalmoscopic examination there 
was obvious change in the coats of all the branches of the 
retinal artery—chiefly thickening of the outer coat. There 
were several large haemorrhages, and in a few places 
aneurismal dilatation of the vessel. 

Retinal Hemorrhages, however, are present in a consider- 
able number of cases of cerebral haemorrhage, and furnish an 
indication of considerable value. Their most frequent cause 
is that which is the most frequent cause of cerebral haemor- 
rhage, Bright's disease, especially the granular kidney. 
They may exist, as in PL IX. 1, without any other retinal 
change, or may form part of the special retinitis (PL X. 1 
and XII. 1). En either case they indicate the existence of 
the conditions which favour vascular degeneration and 
rupture.    In the  retina shown in PL X.  1, for instance, 
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capillary dilatations and other changes were found. 
The retinal haemorrhages are often associated with cardiac 
hypertrophy. They thus may accompany all the most 
potent causes of cerebral haemorrhage. It must not be con- 
cluded, however, that the presence of albuminuric retinitis 
proves a cerebral lesion to be haemorrhagic. The disease of 
the kidneys is a cause, not only of the minute aneurisms that 
lead to haemorrhage, but also of the atheroma of the larger 
arteries that leads to thrombosis within them. Hence, 
softening due to the closure of atheromatous arteries is 
often associated with retinal changes due to kidney disease, 
and the latter have little weight in the differential diagnosis. 
They point strongly to one of these two lesions, but leave 
uninfluenced the indications furnished by the state of the 
heart and the character of the onset. 

In other conditions retinal haemorrhages have a similar 
significance. They point to a state in which cerebral haemor- 
rhage is likely to occur. Their significance is also more 
decided, since these other causes of retinal haemorrhage do 
not produce arterial atheroma. They occur, for example, in 
pernicious anaemia (PL XI. 1) and in leucpcytheemia (PI. 
XL 2), and in the latter disease the brain stands second in 
frequency as the seat of internal haemorrhage.1 

But although retinal haemorrhages point to the existence of 
conditions such as may lead to cerebral haemorrhage, and are 
thus of great importance as indications of the need for care 
in avoiding the exciting causes of haemorrhage, their signifi- 
cance as indications of the probability of the occurrence of 
apoplexy may be overrated. They are not uncommon, as in 
old and gouty persons, who do not suffer subsequently from 
cerebral haemorrhage. Perhaps this is, in part, due to the 
fact that the conditions in which they arise are such that 
many other causes of death coexist. Moreover, the existence 
of the conditions favourable to an event does not necessarily 
involve a balance of probability in favour of the occurrence 
of that event. 

1 Retinal haemorrhages not included.     See the writer's article on " Leu- 
coeythceinia,"  " Reynolds' System of Medicine," vol. v. 
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Among the very rare causes of cerebral haemorrhage are 
syphilis and heart disease; the occasional changes in the 
fundus may thus conceivably be of service in the differential 
diagnosis, that from heart disease being embolism. The 
coincidence has not, however, been hitherto observed. One 
reason for this may be that the haemorrhage from these 
causes is usually due to the rupture of an aneurism, and is 
seldom survived. 

Consecutive Changes.—Haemorrhage into the substance of 
the brain is not usually attended with any ophthalmoscopic 
changes. So rarely have any alterations in the fundus been 
seen, that they may be said almost never to occur during the 
first few weeks after the onset. Neuritis has, however, been met 
with in a few instances. But its rarity is so great that the 
question arises whether, when met with, it has really been due 
to the cerebral lesion; and the question is certainly justified, 
because other causes of optic neuritis are seldom absent in 
cerebral haemorrhage. Kidney disease and constitutional 
gout are sufficient to explain the occurrence of optic neuritis 
when it exists alone, and equally so when it is met in associa- 
tion with a malady that has not yet been proved to be, alone, 
an adequate cause. But here, as in so many other conditions, 
the insufficiency of a cause acting alone, does not exclude some 
influence when it is in association with some other cause. 
There is evidence that inflammation of the brain will produce 
optic neuritis, and that any process that excites second- 
ary inflammation may therefore assist in the causation. 
Haemorrhage always causes such secondary inflammation, 
just as does a traumatic lesion of the brain. Indeed cerebral 
haemorrhage may be regarded as a traumatic lesion which has 
no external origin. Although the secondary inflammation 
seems to be insufficient, alone, to excite optic neuritis, it may 
determine the occurrence in conjunction with so potent a 
cause as the blood-state of gout, or that produced by kidney 
disease. This is probably the explanation of the few cases in 
which considerable optic neuritis has been observed in cases 
of pure haemorrhage. One such case has been described by 
Hughlings-Jackson ; ten weeks after an attack of cerebral 

t« 
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haemorrhage, the discs presented the appearances of the later 
stage of neuritis. The patient died a week subsequently, 
and the necropsy revealed a large extravasation into the 
middle cerehral lobe, and a few specks of haemorrhage into 
the corpora quadrigemina. Another case is recorded by 
Bristowe.1 The haemorrhage was in the posterior part of the 
optic thalamus. Robin'2 mentions a case with well-marked 
neuritis, such as is met with in tumours, in which the autopsy 
revealed a clot of blood, the size of a walnut, compressing 
the pons. In this case the neuritis can hardly have been 
the result of the extravasation. In a case described by 
Gemuseus,3 double neuro-retinitis was observed during life, 
and, after death, numerous haemorrhages were found in the 
brain. 

In many cases of intense optic neuritis met with in cerebral 
haemorrhage, the blood has been extravasated into a soft 
growth in the brain, to which the neuritis has really been due. 
In one case, in which the neuritis had been watched during 
life, a careful observer who made the post-mortem reported a 
large clot surrounded by secondary softening, but the latter 
was really a very soft grey glioma into which the haemor- 
rhage had occurred. 

"When, however, the haemorrhage is into the meninges, 
ocular changes may exist—slight optic neuritis. The haemor- 
rhage may pass into, and distend, the sheath of the optic 
nerve, as has been found (in a case of my own) in meningeal 
haemorrhage from fracture of the skull, in rupture of an 
aneurism of the middle cerebral (Mackenzie), in rupture of an 
intra-cerebral extravasation into the meninges (Michel), and 
in haemorrhagic pachymeningitis (Manz). Opacity and blur- 
ring of the outline of the disc with slight swelling may be 
thus produced. Retinal extravasations may co-exist, as in 
a case figured by Poncet.4   Early changes in the papilla, in a 

1:9 

m 

'Trans. Ophth. Soc," vi. 363. 
' Des Troubles Oculaires dans les Maladies de l'Encephale," Paris, 1880, 

p. 284. 
3 "Klin. Monatslil. f. Augenheilk.," 18S0, p. 380. 
J  " Atlas " of Perrin and Poncet. 
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i i / 

case of undoubted cerebral haemorrhage, would thus be evi- 
dence that the blood was effused into the meninges. It is 
said (by Knapp and Liebreich) that a peculiar pigmentation 
of the outer peripheral part of the disc, within the sclerotic 
ring, may be an ultimate consequence of such haemorrhage. 

In rare cases optic nerve atrophy has been met with in 
association with cerebral haemorrhage. Thus a case is 
recorded by Yulpian1 in which blindness supervened on an 
attack of apoplexy. Death occurred fifteen years later, and 
the remains of an old haemorrhage were found in the left 
corpus striatum. Both optic nerves and optic tracts 
presented grey atrophy. The connection between the two is 
probably indirect. 

CEREBRAL SOFTENING. 

In softening of the brain, marked ophthalmoscopic changes 
are rare as the result of the cerebral mischief, although occa- 
sionally present, as several reliable oases testify; and I 
believe that slight changes are more common than in cerebral 
haemorrhage. Most of the cases in which alterations have 
been found have been cases of softening from embolism, not 
from thrombosis secondary to vascular disease. Changes in 
the fundus oculi, moreover, sometimes result from the same 
causes as those which lead to the cerebral mischief. 

1. EMBOLIC SOFTENING: (a) Associated Changes.—Em- 
bolism of the trunk or of a branch of the central artery of 
the retina may occur before or after embolism of a cerebral 
artery ; very rarely at the same time (see p. 34.). When the 
two occur at the same moment, the demonstration of the 
nature of a cerebral lesion is brought almost to its most 
complete form. The only defect in the demonstration is 
that the plug in the artery cannot actually be seen. An 
instance of such coincidence is afforded by the case illustrated 
in PI. XII. 2.    In this, however, the proof was completed 

1 Galezowski:  " Journal d'Ophthalmologie," Jan. 1872. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



CEREBRAL   SOFTENING. 147 

by post-mortem inspection.    The plug in the retinal artery 

is shown in Fig. 4, p. 36.1 

(b) Consecutive Changes.—When the artery plugged is the 
middle cerebral, marked disturbance of the circulation might 
be expected in the eye which derives its blood-supply from 
the same trunk. Any signs of such disturbance have, how- 
ever, hitherto escaped attention, and probably the free 
anastomoses of the circle of  Willis carry off any excess of 

pressure. 
If the condition of the discs is carefully observed from 

time to time, I believe that a state of congestion may often 
be observed a few weeks after the onset of embolic softening, 
especially in those cases in which the cerebral damage is 
extensive and leads to mental change. PI. L Figs. 1 and 2 
show such an appearance in a young man with mitral 
disease and left hemiplegia.2 Actual neuritis has been 
observed in a few cases, distinct, moderate in intensity, 
coming on a few days or weeks after the cerebral lesion, 
running a subacute course, and slowly subsiding. One of 
the best marked cases of the kind has been recorded by 
Broadbent,3 in a man, aged nineteen, with mitral disease, 
who was seized with left hemiplegia and impairment of sen- 
sation. Nine days after the onset of the hemiplegia the 
margins of the optic discs were ill-defined; there was 
swelling, with an unduly vascular " woolly " appearance, the 
retinal veins were large, dark, and tortuous, the arteries 
visible, but small. By the eighteenth day the paralysis had 
improved considerably, but the papillitis persisted, sight 
being normal. Six weeks after the onset, he was walking 
about the ward, and the papillitis was subsiding. A fort- 
night later the outlines of the discs were becoming perceptible, 

1 For fuller details see description of the plate. 
^ The increased redness of the disc, with slightly softened outline to 

indirect image, developed in both eyes under observation, and was so 
marked that I thought neuritis was coming on. It became stationary, how- 
ever; soon lessened in the left eye, and much more slowly in the right. 
Coincidently with it there was marked and increasing mental failure, persistence 
of the complete hemiplegia, and rapid development of the ankle-clonus. 

■■> " Cliu. Trans.," vol. ix. 1876, p. 62 
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the papilla being still red and rather prominent. He sub- 
sequently had some convulsive attacks and symptoms of 
ulcerative endocarditis, and died four months after the onset 
of the hemiplegia. There was softening below the posterior 
cornu of the right lateral ventricle, extending to the tip of 
the occipital lobe, and involving the tail of the corpus 
striatum and the fibres passing from the thalamus to the 
occipital lobe. The part softened was in the region of the 
posterior cerebral, but no obstruction of this vessel was 
found ; the calcarine artery could not be traced. 

Double neuritis, with slight changes in the contiguous 
retina, was seen by Stephen Mackenzie1 in a case of left 
hemiplegia, no doubt the result of embolism of the right 
middle cerebral artery. The softening found five weeks after 
the onset was slight, and the middle cerebral was pervious, 
although thickened, the probability being that the plug had 
broken up and had been carried on into some of the terminal 
branches of the artery. Splenic infarctions were also found. 
Three days after the onset, the discs (previously normal) were 
swollen, and three weeks later the swelling persisted, but 
with a good deal of opacity, the vessels being " buried in 
exudation." One or two haemorrhages existed close to the 
discs. The appearance of the discs, Dr. Mackenzie has in- 
formed me, was precisely that often seen in cerebral tumour. 

A grey infiltration, incompletely veiling the disc, and 
extending into the adjacent retina, is figured by Bouchut 
from a case of hemiplegia in a child of seven years with 
mitral regurgitation. 

Most of the above cases seem to be distinct instances of the 
association of neuritis and softening. It is important to 
note that all were cases of softening from embolism, that in 
most the plug came from valves the seat of actual recent 
inflammation, and that in some the development of the optic 
neuritis was accompanied by evidence of wide-spiead dis- 
turbance of the cerebral functions. There is nothing in the 
mere process of necrotic softening, the mere breaking up 
of the nerve-elements into discontinuous particles separated 

1 "Brain," Jan. 1S79. 
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by liquid, which can cause optic neuritis, according to our 
present knowledge.    But the process is never one of simple 
necrosis   of   the   tissue-elements.    Adjacent   inflammation 
always accompanies it just as it does the suppuration of a 
gangrenous   foot,     Inflammation   in  parts   of   the   body 
shows  wide   variations  in its  character,  variations which 
at present are imperfectly understood hut are certainly of 
vast   importance.     One   of the   differences  in   character is 
the tendency to spread.    It is certain that emboli from _ an 
inflamed cardiac  valve have   a special power  of  exciting 
inflammation—a power which is ascribed, with much plausi- 
bility,   to  the  presence  of  organisms  within  them.     The 
inflammation thus excited or conveyed varies in its intensity 
and in its tendency to spread, just as the inflammation m 
the  heart  seems to vary in its  "malignancy."    It is in-. 
evitable, therefore, that in some cases the inflammation that 
is   secondary to  the  process   of   necrosis   should  have its 
character   modified   by  the   influence   of   the  plug;    the 
organisms of it, if organisms are the morbific agents, may 
readily find their way into the inflamed brain tissue and 
determine characteristics possibly more extensive than the 
immediate influence of the presence of the organisms them- 
selves.    And  it  is  thus  inevitable  that  the   cases   should 
present such differences as we have noticed, and  that  in 
some the spread of the irritative process should lead to an 
optic neuritis, slight or severe, which is absent in other cases. 

It may be well, however, again to remark how easily the 
error may be made of mistaking a soft glioma for a patch 

of softening.1 

i The following case has been recorded by Drs. Darby and Upham 
(-Boston Med. and Surg. Journal," vol. lxxii.) as one of softening in which 
however, there was no evidence of embolism. A man aged twenty-six had 
a hemiplegic attack, followed by fits and double ■' neuro-retimtis with 
hemorrhages. A necropsy some months later revealed a peculiar softening 
of the corpus striatum and optic thalamus, grey and white gelatinous soft 
tissue, to the naked eye very like a glioma, but, on microscopic examination, 
only the signs of degeneration were visible. It is to be remarked however 
that many parts of these tumours may contain, and even appear to consist 
only of, products of degeneration. A careful search may be necessary for the 
very delicate cells of which they consist. 
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In a case recorded by Leber of supposed neuritis from 
softening, the fact that the "softening" was a soft glioma 
was not suspected; the nature of the lesion was only dis- 
covered on microscopic examination. 

Atrophy of one optic nerve is said to succeed softening, 
embolic or other, just as it has been observed to succeed 
haemorrhage. This result is supposed to be due to the seat 
of the lesion being such as to damage the nutrition of some 
part of the brain to which the optic fibres are related. 
Embolism of the middle meningeal artery, which supplies 
the dura mater near the optic nerve, is said also to cause 
atrophy of the latter. 

2. SOFTENING FROM THROMBOSIS.—(1) Arterial.—This 
may be due to syphilitic or degenerative disease of the 
vessels, or to blood-changes. 

Syphilitic Disease.—In softening from syphilitic disease 
of vessels, associated ophthalmoscopic changes are common, 
consecutive changes are very rare. The associated conditions 
are the various changes which are due to syphilis, and which 
need not be mentioned here. They come practically under 
the cognisance and teaching of the ophthalmic surgeon. This 
is because their active stage affects sight and seldom coin- 
cides with disease elsewhere. But the changes in the eye in 
inherited syphilis come very often under the notice of the 
physician, and in both the inherited and acquired diseases 
the relics of the syphilitic disease are of extreme value to 
the physician. Among the diseases in which their signi- 
ficance is of the greatest importance are those now under 
consideration. 

In cerebral softening such indications are, of course, of the 
greatest significance in the case of persons who have not 
reached the period of life at which vascular degeneration is 
common. In the latter condition, the recognition of con- 
stitutional syphilis still leaves us in some doubt, and care 
must be taken to avoid attaching undue weight to its signs. 
Causal indications are of significance, in general, in proportion 
to their isolation.   At the same time it must not be forgotten 
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that syphilitic vascular disease does occur, and not rarely, in 
the degenerative period. Syphilitic disease and atheroma 
have heen ohserved post-mortem in the same individual. In 
doubtful cases, the recognition of the ocular signs of syphilis 
should always lead to a trial of the special remedies. 

Although   associated   changes   are  common,  consecutive 
alterations  in   the   eye   are  very  rare   in   softening   from 
syphilitic disease of  vessels.    Only one case has yet been 
recorded in which congestion or inflammation of the optic 
papilla was apparently due to this cause.    The proof can 
only he given by pathological demonstration of the absence 
of any other morbid process.    The case is one described by 
Leyden, but it is not quite conclusive, since the inflammation 
of the papilla may have been a primary lesion.1    In the few 
recorded cases in which such changes were observed, syphilitic 
growths  in the brain   were  associated   with the vascular 
disease, and the ocular change was due to the former, not 
to  the latter.     I   have  met with   one   case  m which  a 
fortnight after the sudden onset of hemiplegia, in a patient 
who   had   had   constitutional   syphilis,   there   was   slight 
distinct optic neuritis ;  but the  absence of  growths could 
not be excluded, and preceding pain in the head for   six 
months rendered it probable that there was more than arterial 

ni ^^PfiSG 
In all cases of this kind the question arises, can the coin- 

cident papillitis be an independent effect of the syphilitic 
poison ? This question we cannot at present answer with a 
positive negation. Syphilis probably can cause a retro-ocular 
neuritis; it certainly can cause retinitis involving the pa- 
pilla. Isolated double papillitis may be an effect of many 
morbid states of the blood, varied in character, with a virus 

i "Zcitsch. f. Klin. Med.," 1882, Bd. ii. p. 173. The patient a man 
a^ed eighteen, died from limited softening of the inner part of the right crus 
and adjacent part of the pons, due to syphilitic disease of the extremity of 
thebasilar artery; and seven days after the onset of the acute symptoms 
there was fonnd " nenro-retinitis with choked disc as in cerebral tumour 
(Dr Hiller), although no other lesion than syphilitic disease of the vessels 
could be found. The details from an ophthalmoscopic point of view leave 

much to be desired. 
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organized or inorganic, and cases are met with possibly 
presenting a pure syphilitic papillitis. Thus this possibility 
constitutes at present an unbridged break in the proof 
that softening from syphilitic disease of the vessels causes 
papillitis. The difficulty is the greater in proportion as the 
papillitis is intense. It then exceeds the degree met with 
even in softening from irritative embolism, and on the other 
hand resembles that of which the chief causes are tumours 
and blood-states. 

Degenerative Disease: "Atheroma"—Cerebral softening from 
this cause is rarely associated with any similar morbid state 
of the retinal arteries, which are below the size in which 
" endarteritis deformans " is common. Occasionally, thick- 
ening of the wall or undue tortuosity of the retinal arteries 
has been observed. But it is doubtful whether the appear- 
ances that have been described as atheroma' are really suchr 

or if this state has ever really been met with. The malady 
is an affection of the inner coat, and such alterations as are 
depicted in PL XII. Fig. 1 are manifestly seated in the 
outer coat of the vessel or in its sheath. Changes in the 
retina in the old have been ascribed to atheroma lessening 
the blood-supply, but such an inference has, of course, no 
bearing on the question whether atheroma occurs or not, 

Atheroma of cerebral vessels is very common in cases of 
chronic kidney disease, and it is in them that these appear- 
ances have been chiefly seen, but this does not prove their 
nature. Various elements in the retina suffer in renal 
disease, and hence all forms of albuminuric retinitis may be 
associated with cerebral softening. They are also associated, 
m the same manner, with cerebral haemorrhages, and hence 
the affection of the retina and even haemorrhages in it 
are evidence only of probable disease of the arteries of the 
brain. In the case figured in PL IX. 1, for instance, 
although there was a retinal haemorrhage due to the effect 
of chronic renal disease, the cerebral symptoms pointed 
unmistakably to softening rather than to haemorrhage. 

Consecutive changes are very rare in senile arterial throm- 
bosis.    Optic neuritis certainly due to this cause is scarcely 
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ever met with. Its occurrence would not be surprising, 
since the secondary inflammation about an infarcted area 
might be adequate to cause it, but practically it is almost 
unknown. A case of optic neuritis, however, with and 
apparently due to, atheromatous softening is recorded by 
Wilbrand.1 In some cases on record it is most probable 
that the papillitis was nephritic—a source of fallacy to be 
carefully borne in mind.2 Atrophy of the discs has, in rare 
cases, been observed to supervene. 

In some cases, however, the obstruction by thrombosis of 
the internal carotid may give rise to alterations in the eye, 
which have been hitherto  observed  only after death,  but 
which must be attended by marked ophthalmoscopic changes. 
Such a case was described long ago by Yirchow.3    A man 
aged forty-six who had an attack of apoplexy, leaving right 
hemiplegia, died from a melanotic cancer of the liver.    The 
internal  carotid was obstructed by a  thrombus,   probably 
spontaneous,  since no embolus was found,  and there  was 
fatty and calcareous degeneration of the wall of the vessel. 
There was a large area of softening in the left hemisphere. 
The ophthalmic artery was patent, evidently by a collateral 
circulation having   been set up.    The vitreous was trans- 
parent, the retina thickened, and around the papilla were four 
opaque white spots, which were, however, found to be due to 
the persistence of the medullary sheath of the nerve fibres. 
The ganglion cells were  granular.     The  elements   of  the 

I 
T, 

K||l 

1 "Arch, fur Oplith.," Bd. xxxi. p. 119, PI. 3. ,    . , . „ 
» A case is recorded by Wurst, for instance (Virchows Jahresbencht, 

1877 ii 463, from the " Przeglad lekarski "), in which optic neuritis, 
" stauungs-papille," was associated with cerebral softening-a spot the size 
of a walnut in the posterior portion of the left hemisphere, and a second, the 
«ize of a bean, in the pons Varolii. Sudden complete amaurosis had come on 
a few days before. There was, however, interstitial nephritis and hypertrophy 
of the heart, and it is most probable that the optic neuritis was due to the 
renal disease. In the remarkable case figured in PI. VI. 2 optic neuritis co- 
existed with softening from extensive arterial disease, the results of o d 
traumatic meningitis, but inflammatory (?) growths existed beneath two old 
fractures of the skull. The man had had syphilis, but the lesions presented 

no syphilitic character. 
3 "Arch, fur Path. Anat.," Bd. x. 1856, p. 189. 
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nuclear layers showed a tendency to arrange themselves in 
lobular cylinders. Another case of the same character 
which came under my observation has been before alluded to 
(p. 32), and in it the ophthalmoscopic changes would pro- 
bably have been much more striking. Although the origin 
of the ophthalmic artery was closed by clot, the central 
artery of the retina retained a channel, narrowed by clot 
formed upon its walls. Some retinal branches were pervious, 
others closed. The retina presented atrophy of all its 
structures, and was reduced to about two-thirds of its 
normal thickness. 

It is important, therefore, to watch the fundus continu- 
ously in cases of thrombosis in the region of the internal 
carotid. It is probable that the obstruction of the carotid 
would always be accompanied by a sudden diminution in 
the size of the retinal artery, the degree of this, and the 
occurrence of parenchymatous changes in the retina, depend- 
ing on the character of the anastomoses of the ophthalmic 
artery. These are usually abundant, chiefly with the facial, 
but also to a less extent with the middle meningeal. 

Softening from Arterial Thrombosis due to Blood States.— 
In this condition, which is rare except in the puerperal 
state, ophthalmoscopic changes have been found only in cases 
of septicaemia (q. v.). 

Softening from Venous Thrombosis. — Ophthalmoscopic 
changes are unknown. In thrombosis of the cavernous sinus, 
it is said that there may be double optic neuritis and 
exophthalmos. Slow obliteration of this sinus, however, 
may cause no ophthalmoscopic changes. 

3. PRIMARY SOFTENING.—Primary softening of the brain 
is still a region of cerebral pathology of which we know little. 
Apparently three forms occur, acute and subacute inflamma- 
tory softening, and a senile form of chronic softening. 

Inflammatory Softening.—The acute form is only known 
in connection with injuries in which meningitis is never 
absent, and ophthalmoscopic changes must be ascribed to 
this rather than to the morbid process in the brain. 
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Subacute Softening is a possible lesion, symptoms suggest- 
ing it being met with especially in gouty persons, but no 
optic neuritis has been seen in connection with it-a fact 
of much importance, since it is upon this and upon the 

■occasional retrogression of the symptoms that the hypo- 
thetical diagnosis has chiefly rested. 

Chronic Softening is a certain senile lesion, but is extremely 
Tare.    A few  cases have  been  described,  but m this the 
nature  of the malady has not been suspected during life. 
Apparently    it    is    not    attended   with    ophthalmoscopic 

changes. 

ABSCESS OF BRAIN. 

The only changes known are consecutive.    Optic neuritis, 
which differs in no respect from that due to cerebral tumour, 
is found in many cases:  the papilla) are swollen, red,  and 
opaque, the vessels concealed, and haemorrhages may be pre- 
sent.  But the neuritis is frequently absent; the rapidity with 
which the abscess develops or increases being, apparently, the 
chief element in the disease on which the presence of neuritis 
depends.    This element, however, is merely the result of the 
intensity of the inflammation which causes the abscess, and 
so we trace the result to the condition which, beyond any 
other, seems to determine this effect of a cerebral lesion,-the 
amount of irritation produced by the central disease. _   lhis 
condition, however, it should be remembered, is subject to 
another-that of time.    Several days are necessary for the 
development   of   neuritis;   sometimes,    indeed,   when   the 
morbid  process  is in a  distant part   of the  brain   several 
weeks may be required.    Hence lesions in which^ the irrita- 
tive element is most intense often end the hfe of the patient 
before their effect on the eye can be produced 

The changes in the optic nerves do not differ from those 
met with in tumours, &c. Dropsy of the sheath has not 
often been looked for, but was found in one case (Peipers), 
the abscess being in the right temporal lobe. 

The   only   conspicuous   difference  between  the   cases  of 

I 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



156 MEDICAL   OPHTHALMOSCOPV. 

abscess with, and those without, optic neuritis, is that due 
to the course of the malady. In perhaps the larger propor- 
tion of the cases with neuritis the bone disease causing the 
abscess was the result of injury. In two instances recorded 
by Hughlings-Jackson this was the case. The position of 
the abscess has been in the temporal and posterior parts of 
the parietal lobes beneath the surface. In a case recorded 
by Benedikt it was outside the optic thalamus. Abscess in 
the left hemisphere of the cerebellum, in a case recorded by 
Pfluger,1 caused double optic neuritis, well marked, with 
capillary haemorrhages on the papilla, and large extra- 
vasations beyond its edge. 

TUMOURS OF THE BRAIN. 

A.—GROWTHS. 

Associated Conditions.—Growths may occur in the eye, 
of the same nature as the growth in the brain, but such 
cases are not common. The disc shown in PL III. 4 is the 
left disc of a boy, whose right eye was the seat of a tuber- 
cular growth, in whose brain there was another similar 
growth, of which vomiting and optic neuritis were the 
only signs. In such a case the ocular growth becomes an 
important symptom. Choroidal miliary tubercles might 
be expected to be found occasionally in cases in which a 
tubercular mass exists in the brain, but they occur rather 
in acute general tuberculosis, while tubercular tumours of 
the brain are rare in that condition. Their nature is rather 
that of the tubercular condition that we associate with the 
word "scrofula." This differs in course and associations 
from acute tuberculosis, although presenting the same bacilli. 
Thus choroidal tubercles are met with far more frequently 
in tubercular meningitis than in the tubercular growths. 

Consecutive Changes.—Optic neuritis is the ocular lesion in 
intra-cranial growths, which are, on the other hand, its most 
frequent causes.    It is present, in various degrees, in a large 

1  "Arch. f. Ophth.," vol. xxiv. 1878, pt. 2, p. 171. 
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proportion of the cases of  mtra-cranial tumour;  m what 
proportion cannot he determined hy statistics from published 
cases, on account of the selection for publication on special 
grounds.     From my  own   experience  I  should say that 
neuritis occurs in about four-fifths of the cases.    This is a 
much  smaller   proportion   than   has   been  deduced from 
published cases.    Annuske and Eeich, for instance, collected 
eighty-eight  cases with  ophthalmoscopic  examination and 
autopsy,  and found  that   there  was   no   ophthalmoscopic 
change in  only five per cent.     But these   cases  have all 
been   recorded   during   the   period  when   ophthalmoscopic 
observation  possessed   the   interest   of  novelty,  and   a  far 
larger proportion of cases with neuritis has probably been 
published than of cases without neuritis. 

It does not seem possible at present to say on what the 
occurrence of optic neuritis depends ; why it is present in 
the majority, absent in the minority.    Position  of growth 
has apparently no   direct  influence on  its  occurrence, and 
only an indirect influence, insomuch as secondary meningitis 
near the nerves is more considerable when the tumour is not 
far from that part of the base.    But the influences through 
which  neuritis  is   caused   seem   to  be   exerted   from  any 
situation.    It has been met with in tumours of every part 
of the cerebral hemispheres, of the pons Varolii, the crura 
cerebri, the cerebellum.    Tumours of the medulla below the 
pons usually cause death too quickly for optic neuritis to 
be  developed;   but   my   colleague,   Dr.   T.   Barlow,   has 
met with  a  case  of neuritis  from a  small tumour in the 
middle   of   the   medulla  ohlongata.     Allbutt thinks that 
tumours of the anterior lobes are more uniformly attended 
with neuritis than those of other parts, but I have seen a 
large growth in the anterior hemisphere with normal discs 

throughout, 
Nor does the nature of the tumour apparently influence 

the development of neuritis. It occurs with every variety— 
glioma, sarcoma, tubercle, syphiloma. The most frequent 
forms of tumour are those which are most usually asso- 
ciated with optic neuritis ; and they are also those in which 
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neuritis is most frequently absent—syphilomata, tubercles, 
and gliomata. At the same time, growths that infiltrate 
and only damage the nerve elements late in time and little 
in comparison with the amount of the growth, seem to have 
less tendency to cause neuritis than those which damage 
readily. A like difference—perhaps, indeed, related—is 
seen from the amount of adjacent inflammation that 
is produced. The greater these secondary processes about 
the tumour, the more readily does neuritis occur. Hence 
the nature of a growth has an indirect, though not a direct, 
effect. In a case of my own, of a glioma infiltrating almost 
the whole of the medulla oblongata, which was under obser- 
vation for two months before death, there was no optic 
neuritis at any time. 

The size of the tumour also seems to have little influence 
in producing neuritis.    I have twice seen syphilomata the 
size of half an egg without optic neuritis.   One of the largest 
intra-cranial tumours I have met with was a sarcomatous 
growth, the size of the closed fist, growing from the dura 
mater,   and compressing, not   invading,  the brain over the 
posterior portion of the parietal lobe, a tumour which must 
have increased the intra-cranial pressure as much as it is ever 
increased directly by a growth, and in this case the discs, 
repeatedly  examined  from   soon   after   the  onset   of   the 
symptoms until death, about six months later, were perfectly 
normal;   and  a  similar case is   fully described by Byrom 
Bramwell in his recent work on " Intra-cranial Tumours," 
pp. 11, 12.    On the other hand, Benedikt has recorded a case 
of  well-marked  neuritis  with  much  swelling and haemor- 
rhages, due to a tubercle of the pons Yarolii no larger than 
a cherry.    There were no signs of meningitis. 

The chief facts at present known regarding the mechanism 
by which optic neuritis is produced have been already dis- 
cussed (p. 78). Some points having special reference to 
tumour may be again adverted to. It is clear from the facts 
stated above—and a long list of similar cases might 'be given 
—that encephalic tumours do not cause neuritis by the direct 
effect of their mass on the intra-cranial pressure.    Perhaps 
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no form of cerebral tumour is attended with optic neuritis 
in a larger proportion of cases than glioma, which commonly 
does not press upon, but invades, the brain substance, and 
often occupies the invaded tissue almost bulk for bulk. 

It has been thought that the rapidity of growth of a 
tumour influences the occurrence of optic neuritis, but a 
limited experience of these cases, or a very short search 
among recorded cases, disposes of the hypothesis, at any rate 
in an absolute form. Sapidity of growth may be one factor 
in the production of neuritis, and an important factor m 
determining the rapidity or slowness of the course of 
the neuritis, but it certainly does not alone determine its 

occurrence. 
There is, however, one mode in which neuritis is produced 

which may sometimes be distinctly traced post-mortem, viz., 
by the mechanism of meningitis.    The disc shown in PL 
III. 3, for instance, was in a case of tumour originating in 
the pineal body and invading the anterior corpora quadri- 
gemina.     The   changes in the  disc  were very gradual in 
development,   and   moderate   in   degree.    There   was   no 
general  meningitis,   but  the  orbital   lobules   were   gently 
adherent, and  fine shreds  of lymph  were Visible  on the 
dura  mater  after  their  separation.    The  optic  nerves   in 
front   of    the   commissure   were   swollen   and   reddened. 
Microscopical evidence of   neuritis of the nerve-trunk was 
very distinct.    In another case of tumour (glioma) of the 
anterior lobe, in which the neuritis was of the form most 
characteristic of tumour, greyish-red, with much swelling, 
the microscopic   changes in  the nerve-trunk, most intense 
behind the foramen, indicated  a communicated descending 
neuritis,   and old adhesions over the  tumour  showed that 
there had been local meningitis.    It must be remembered 
that, in such cases, whatever mechanism leads to the occur- 
rence   of   neuritis   without   meningitis  may  influence   the 
degree and course of that which is set up by meningitis. 

In most cases optic neuritis is a transient event in the 
history of a cerebral tumour, not a constantly-associated 
condition.    A tumour may exist and cause symptoms for a 

( U. 
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considerable time without leading to any change in the eyes, 
and then optic neuritis may be rapidly developed, run its 
course, and pass away, in many cases leaving atrophy of the 
discs, while the symptoms of the tumour continue or increase 
for months or years. It is not only that a tumour takes a 
certain time to cause optic neuritis, but it often exists for a 
considerable time before the mechanism for the production 
of neuritis, whatever that may be, is set in operation. A 
tumour may exist and cause symptoms for years before optic 
neuritis is produced. A striking instance of this is afforded 
by a case which was under the care of Dr. Hughlings- 
Jackson, who had examined the eyes repeatedly during nine 
months, and always found them normal. Then neuritis 
came on, but subsided, and in six weeks the discs were again 
normal, and continued so till death. The microscopical 
appearance of part of the papilla is shown in Fig. 22, p. 63. 
Dr. Jackson has recorded1 a still more significant case, in 
which a man had had symptoms of cerebral tumour for nine 
years: during the last three years his discs had been 
repeatedly examined and found normal. Six weeks before 
death neuritis was discovered. 

In many cases in which neuritis occurs long after the 
symptoms of tumour have existed, its occurrence precedes 
death by no long interval. 

The appearance of the discs in intra-cranial tumour is 
that of neuritis in its most typical form, as described in a 
preceding page (p. 49). The neuritis may stop at one or 
another of its stages, constituting what may be termed 
varieties of neuritis. As already stated, until our knowledge 
of the relation of the appearances to their causes is much 
more extensive, and founded on more minute and full 
observation of the conditions of origin, macroscopic and 
microscopic, a division of neuritis into varieties according to 
its degree is much more useful than a separation of forms 
according to hypothetical modes of origin. Those varieties 
or stages have been already enumerated (p. 93). Each of 
the earlier stages may or may^not be accompanied by obvious 

1 "Med. Times and Gazette," Sept. 4, 1875. 
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over-distension of veins, and each may be accompanied by 

extravasations. 
The neuritis of tumour is in most cases double, sometimes 

equally advanced in the two eyes, often more intense and 
subsiding earlier in one than in the other. Barely, the 
affection of the disc is unilateral, and this, although the 
tumour may be in the brain, where growths commonly cause 
double neuritis. In two cases of this character recorded 
by Hughlings-Jackson,1 and in one described by Field,2 the 
neuritis was on the side opposite to the tumour. In one 
recorded by Greenfield,3 however, where unilateral neuritis 
accompanied an abscess in the top of the temporo-sphe- 
noidal lobe, the neuritis was on the same side as the lesion. 
Possibly the inflammatory process extended to the nerve as 
it passed to the optic foramen. 

8ymptoms.—The symptoms of the neuritis which accom- 
panies cerebral tumour have been already fully described 
(p 69) It must be remembered that all symptoms may be 
absent,'the acuity of vision, the fields of vision, and colour- 
vision may also be unaffected, as in many of the cases 
figured in the plates and referred to in the description of 
the symptoms of neuritis. It must also be remembered that 
affections of sight of various kinds may co-exist with 
neuritis, and be due, not to the intra-ocular, but to the 

intra-cranial disease. 
Eegarding the course of the neuritis in cerebral tumour, it 

is important to note that the neuritis often coincides at its 
onset with an obvious increase in the other symptoms of the 
cerebral tumour. This was pointed out, long ago, by Dr. 
Hughlings-Jackson. Instances of it are frequent, but at the 
same time exceptions are not rare. It is probably true, 
however, that the occurrence of optic neuritis indicates progress 
in the morbid growth and its consequences. 

With regard to the course of the neuritis, it is necessary to 
distinguish two classes of cases.    One of these is where the 

Brit. lied. Journal," July 20, 1872. i " Ophth. Hosp. Rep.," 1871, and 
2 "Brain," Julv, 1881, p. 247. 

' 1886, p. 317. 

! 

■ Brit. Med. Journal, 
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progress of the tumour, either spontaneously, or under the 
influence of treatment, becomes lessened or arrested after the 
onset of the neuritis; the other, where the progress of the 
tumour to which the neuritis is due is uninterrupted. 

In the first event, the neuritis commonly subsides. It 
may pass away completely, even although it has reached the 
stage of considerable swelling and obscuration of disc and 
vessels, with distended veins and narrowed arteries, and 
sight may throughout be unimpaired. This occurred, for 
instance, in the cases shown in PI. IV. 1, 2, 3, 4, V. 3. Or, 
less commonly, a slight or moderate damage to sight, from 
the inflammatory swelling and damage to nerve fibres, may 
pass away. Very frequently, however, although the neuritis 
subsides, amblyopia occurs or increases when the nerve fibres 
suffer from compression from the contracting tissue. The 
last is the more likely to occur the longer the neuritis has 
lasted, because there is then more tissue formed, incapable 
of removal. 

Instances of each course are often seen in syphilitic 
tumours, and not rarely where there is strong reason to 
believe that a scrofulous tumour exists—a cerebral or cere- 
bellar tubercle. In cases in which the neuritis is slight and 
commencing, a subsidence of the neuritis may be the first 
sign of the improvement. It was so in the case figured in 
PL V. 4, in which the neuritis passed away before there was 
any improvement in the symptoms, and then slowly the 
paralysis lessened, and improved up to a certain point, at 
which it became stationary, no doubt from the tumour 
(probably tubercular) ceasing to grow, and becoming, from 
partial degeneration, smaller, and thus permitting damaged 
tissue near it to recover, while the destruction, which had 
before taken place, persisted. In syphilitic tumours, arrest 
can be obtained much more rapidly than in tubercular 
growths, and a considerable neuritis may pass away without 
damage to vision (PI. IY. 1 & 2, 3 & 4, VI. 4 & 5). In 
these cases, however, if a considerable neuritis exists before 
the treatment affects the tumour, tissue-changes too often 
progress in the disc to an extent which leads to loss of sight 
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even though ultimately the cerebral lesion ceases to increase 
and becomes quiescent (PL IV. 5, 6). Occasionally, although 
rarely, an analogous arrest of growth occurs in other 
tumours, attended with degeneration and calcification.^ The 
neuritis may, in these cases, subside with the change in the 

growth. 
In the cases in which the tumour causing the optic change 

continues its growth, as most tumours of other descriptions 
than the tubercular and syphilitic growths, the course of the 
neuritis differs according to the intensity of the inflammation. 
When this is considerable, the neuritis remains for a time 
at   its  height;   commonly  the   signs   of   strangulation are 
developed, and then the neuritis subsides slowly into atrophy. 
The inflammation, as it were, terminates itself, and its con- 
sequences  remain.    When the  neuritis  does  not reach   so 
intense a grade it has a much longer duration.    The lilao- 
grey neuritis, with little sign of strangulation, may persist 
for months without much change, and then slowly subside to 
atrophy;  sight perhaps being little damaged until the sub- 
sidence, when the tissue formed during the long duration of 
the inflammation   compresses  the  nerve-fibres.    In   a  still 
slighter degree, that of " slight neuritis," for instance (p. 93), 
the change may persist without alteration for a very long 
time.    In the case represented in PI. V. Figs. 1 and 2, the 
appearance of  the   discs was unchanged for a year and a 
half, and when the patient was again seen a year later, the 
neuritis was nearly in the same degree, although the least 
inflamed portion of the disc had become grey and sight was 

gone. 
There is at present little direct information regarding the 

conditions which determine the course and duration of 
neuritis in the cases in which the cerebral tumour continues 
its progress. But it has been seen that the onset of neuritis 
may accompany, or succeed, an increase in the symptoms 
due to the tumour, such as indicates an increase in the size 
or irritative action of the growth itself. And we have seen 
also that the early subsidence of neuritis may attend a 
diminution in the other effects of the tumour such as may 
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be taken as indicative of an arrest of growth, or even a 
diminution in size. These facts taken together indicate that 
the course of the neuritis is, to some extent at least, depend- 
ent on, and influenced by, the course of the tumour. This 
conclusion is corroborated by the fact that in some cases of 
tumour of very chronic nature, the course of the neuritis is 
equally chronic. The case mentioned above (PL V. 1 & 2) 
is a striking illustration of this, since the progress of the 
very marked symptoms was but slight during the year and a 
half, in which the neuritis was absolutely stationary. In 
rare cases, as in that recorded by Field and above referred 
to, in which, without retrogression of the tumour, neuritis 
subsides without influencing vision, the affection of the optic 
nerve is probably largely due to excessive secondary effects 
of the growth. In this case there was adjacent softening 
out of all proportion to the size of the growth itself. 

Significance.—The value of optic neuritis as an indication 
of the existence of an intra-cranial tumour is very great. 
Tumour is the cause of the majority of cases of neuritis due 
to intra-cranial disease. On the other hand, neuritis is 
present, at some period, in at least four-fifths of the cases 
of tumour, and it may be the only unequivocal sign of the 
organic intra-cranial disease. 

It is important to remember that the neuritis is a transient 
condition, however long its duration, and that its effects 
continue a much longer time than the inflammation. The 
atrophy left by neuritis may constitute unequivocal evidence 
of the antecedent inflammation, and where actual atrophy 
is not left, the state of the disc and the narrowing of the 
vessels may show clearly that there has been previous 
neuritis. Unfortunately it is not always possible, in old- 
standing cases, to say from the aspect of the discs how the 
atrophy originated. If the neuritis was moderate, and the 
adjacent choroid undisturbed, a clean cut disc may be left, 
and the narrowing of the vessels may not be greater than 
is sometimes seen in cases of atrophy of the disc of other 
forms. The concealment of the lamina cribrosa is, however, 
usually complete.    Valuable information may also be gained 
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from the circumstances under which the loss of sight came 
the existence at the time of cerebral symptoms makes on Ui± ,    l<u^    v^^u" —  ... 

it probable that the atrophy was due to neuritis. 
It is  not only during life that neuritis may assist the 

diagnosis of tumour.    As an instance, I may mention the 
case of a man who died soon after his admission, with hemi- 
plegia, into University College Hospital.    The autopsy re- 
vealed a soft  area, hounded and crossed by trabecuhe of 
firmer tissue, which was at first thought to be an area of 
old softening with some connective-tissue formation in and 
about it.    It was suggested, however, that  it might be a 
tumour.    Before it was examined with the microscope the 
backs of the eyes were removed, and found to present distinct 
evidence of   neuritis-swollen  papillae  with hemorrhages 
A diagnosis  of probable tumour was therefore made,  and 
was fully confirmed by the microscope. 

From the facts given above it is evident that optic neuritis 
may, in some cases, afford not only diagnostic, but prognostic 
indications.    A subsidence of neuritis which has not reached 
any considerable degree of intensity, may be taken as indicat- 
ing, in most cases, a retrogression of the growth, and a neuritis 
of very chronic course affords evidence that the progress of 
the tumour is equally chronic.    It might be supposed, there- 
fore that the absence of neuritis would indicate still greater 
chronicity.    This, however, cannot be inferred, since tumours 
of very rapid course may be unattended with neuritis, and 
it is only when neuritis is actually present that a prognostic 

inference can be drawn. 
It has been remarked that optic neuritis m tumour of slow 

growth often occurs not long before death. In such cases, 
also, it affords some prognostic indication. In more acute 
cases, or in those in which it developes early, it has not the 
same significance. It would appear as if the mechanism for 
the production of neuritis were, in the latter cases, readily 
excited while in the former it is the result of changes of such 
a degree as to be incompatible with the long continuance of 

life. 
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Simple atrophy of the optic nerves also results from intra- 
cranial tumours, but only by the mechanism of compression 
of  the fibres  of  the optic nerve  where  all  those proceed- 
ing from one  eye or both can  be destroyed.    Thus, such 
atrophy only occurs when there is pressure on the chiasma, 
or on one of the nerves in front of the chiasma.    Pressure 
on one tract seldom causes  sufficient alteration in the disc 
to  be attended   with  more  than   slight  pallor  and slight 
shrinking  in   both   eyes.     Theoretically, pressure on both 
tracts   should  cause   conspicuous   atrophy, but  no instance 
is known;   perhaps life, in such  a case, is  not prolonged 
for  the time necessary to  permit visible  alteration.     The 
simple  atrophy  is   thus   "secondary"   in  nature, and due 
to  the   direct   effect  of   the  growth   on  the  fibres of  the 
nerves,   and   also   to  the   secondary  consequences   of   the 
tumour—especially the  pressure of ventricular  effusion on 
the chiasma.    It is doubtful whether this form of atrophy 
ever results from the damage to the nerve by inflammation, 
such as may be produced by a secondary meningitis.     In 
tumours, the tendency for a communicated inflammation to 
spread down the nerve is so strong that optic neuritis seems 
to  be  invariable.     But the  visible  inflammation  is often 
slighter than the failure of sight, and the ultimate atrophy 
may be in part simple although apparently papillitic.    Such 
atrophy has the characters of secondary atrophy of the optic 
nerves, the features and origin of which have been already 
described.    Great caution is also necessary in inferring, from 
the appearance of discs long after the onset of the atrophy, 
that this was simple and not neuritic.    We have already 
seen that the characters of the latter may ultimately resemble 
very closely those of the former.    Moreover, not only may 
there  be  a  combination  of   the  two  processes   (secondary 
atrophy from greater  damage near the chiasma,  and  the- 
atrophy from papillitis), but the two may occur at different 
periods.     The chiasma may be compressed  by ventricular 
effusion, or even by a fresh increase  in the tumour, after 
neuritis has gone on to partial  atrophy.    Sight, damaged 
much or little by the neuritic process, may fail rapidly at a 
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subsequent period from  secondary pressure effects.     This 
was well illustrated in the case of a man who was admitted 
with double optic neuritis, impairment of vision, and symp- 
toms pointing to a tumour of the base involving the ocukr 
nervl     Under treatment with  iodide, the neuritis  quit 
subsided,  and   vision   improved   until   it   became   almost 
normal, with perfect field,    Nine months later, however, 
dee" oration of sight again occurred   the fields remammg 
normal, but nothing could be detected with ^ ophthalmo- 
scope     Six months after the relapse he had a foetid smell 
n the left nostril and loss of vision in the temporal half 
of   he right field.    A few months later there was failure 
o   Jght !n the temporal half of the left field   and there 
were  also  indications of pressure  on the right  fifth  and 
St third nerve,    He was under observation for five years 
later during which time most of the symptoms passed off. 
Tber'e was however, atrophy of both discs, with qualitative 
perception of light only, and complete loss of the sense 
Tell     There must, in this case, have been a tumour at 
the base of the brain, pressing on the anterior part of the 
chiasma, and also involving the nerves mentioned. 

B.-HYDATIV CYSTS. 

Associated Changes.-A cysticercus has been occasionally 
observed in the vitreous humour, but the coincidence of a 
parasite in the eye with symptoms of -ebral -o- due 
^  another in the brain, has not, I believe, hitherto been 

*eGCotL tree Ctenges.-0V<io ^^^LZ^ 
hydatid disease of the brain, and has all the <*^^£ 
neuritis which   occurs in growths-swollen papilla, obscured 
::rtrtuous «*, 1™^,»*» *** o^™* 
with hydatid cyst of both cerebrum and cerebellum It may 
7o on to consecutive atrophy, life being Ponged Wear, 
The few cases on record of neuritis associated with cysts m 
tie brain, the nature of which was not ascertained, were 

probably examples of hydatid disease. 

"if 
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LAKIO-GTLOSSAL PARALYSIS. 

In chronic bulbar paralysis, due to degeneration, ophthal- 
moscopic changes are extremely rare. Unilateral atrophy 
was once seen by Galezowski, and Eobin quotes a case from 
Dianaux of rapid atrophy of both nerves in the course of the 
affection in a man aged sixty-seven. It was accompanied by 
transient paralysis of one sixth nerve. Sight was lost com- 
pletely in two months, but considerable subsequent restoration 
of vision (up to TV) occurred.   ■ 

INTRA-CRANIAL ANEURISM. 

Miliary aneurisms have been spoken of in connection with 
cerebral  haemorrhage.      Intra-cranial   aneurisms   of   larger 
size are not, as a rule, accompanied by any associated ocular 
changes: those of the central artery of the retina being too 
rare to be of significance.    Nor do they often cause consecutive 
changes, unless their position is such as to press upon the optic 
nerve (causing unilateral amaurosis and secondary atrophy), 
on the chiasma (bilateral atrophy), or, very rarely, on the optic 
tract   (causing  hemianopia).    An aneurism of  the internal 
carotid may obstruct the cavernous sinus, and cause transient 
distension of the retinal veins, without papillary changes, but 
the pressure is relieved by the free communication of  the 
ophthalmic and facial veins ; the enlarged angular vein may 
be conspicuous beneath the skin.    In rare cases, however, an 
aneurism  in this situation has led to  optic neuritis, as in 
a case recorded by Michel; l double neuritis, with evidence 
of obstruction, was the first sign of a cirsoid aneurism of the 
two internal carotids.    It pressed on the optic nerves at the 
spot, and  these showed evidence of  interstitial  inflamma- 
tion.     Holmes  of Chicago  has  recorded  several  cases   in 
which optic neuritis co-existed with intra-cranial bruit, and 
in the only one on which a post-mortem was obtained  an 

i << Arch. f. Ophth.," xxxiii. 2, p. 225. 
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aneurism of the internal carotid was found; but there was 
also an adjacent growth in the pituitary body 

In an interesting case^ (by Jeaffreson of Newcastle-on- 
Tyne), although there was no post-mortem examination, an 
aneurism of the internal carotid was most probable, and caused 
unilateral papillitis. A loud intra-cranial murmur could be 
arrested by compression of the carotid; there was paralysis 
of the third nerve, and subsequently aphasia developed. 

The origin of the papillitis in these cases is probably a 
descending inflammation, extending to the> nerve from that 
which always exists around an aneurism. That the papillitis 
is not the effect of compression of the cavernous sinus is 
probable from the fact that aneurisms which produce the 
same effect on the sinus may or may not be accompanied by 
papillitis. Moreover, when there is papillitis the enlarged 
communications with the facial vein may (as m Jeaffreson s 
case) afford the same evidence of relief to mechanical ob- 
struction, which is supposed to prevent the papillitis (when 
this is absent) by those who ascribe it to the mechanical 

influence alone. 

INTERNAL HYDROCEPHALUS.. 

Simple internal hydrocephalus, without a growth is not 
at first attended by ophthalmoscopic changes unless the state 
is due to inherited syphilis.    They may be absent through- 
out, even though the distension of the ventricles is such as 
to cause a marked increase in the size of the head.    Some- 
times there is   slight  fulness   of  the retinal veins     Sight 
often fails at a later period,  and in some cases early, and 
the signs of simple white   atrophy of the optic nerve are 
then present.    In several cases the onset of the atrophy has 
been watched,  and the .occurrence  of any neuritic process 
excluded     In a few cases the   atrophy has been preceded 
by signs of neuritis similar to that seen in tumour; it is 
usually slight in degree, but was considerable   m   a   case 
recorded by Wildbrand and Binswanger.2 

1
 "The Lancet," March 8, 1879. 

2 " Centralbl. f. med. Wiss.," 1879, p. 923. 
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The simple atrophy of the nerves is usually clue to the 
pressure of the distended third ventricle on the optic 
chiasma. In one adult case, mentioned by Forster, the 
distended ventricle appeared at the base of the brain as a 
bladder measuring ten lines by eight. 

It has been said by Bouchut that the ophthalmoscopic 
changes may serve to distinguish chronic hydrocephalus 
from the large head of rickets; but, owing to the lateness 
of the optic changes, the cases must be very rare in which 
the nature of the disease is not distinct long before ophthal- 
moscopic signs are present. 

U 
BISEA8ES OF THE MEMBRANES OF THE 

BRAIN. 

MENINGEAL GROWTHS. 

Tumours springing from the pia mater always involve 
the cerebral substance to a greater or less extent, either by 
invasion or compression, and their effects have been included 
in the account of the cerebral tumours. 

Tumours springing from the dura mater differ in their 
effects according to two characteristics—first, their tendency 
to invade ; secondly, their position, whether at the base of 
the brain or on the convexity. They commonly cause the 
same effects, in the brain and OD the eye, as growths in the 
brain itself. 

Growths springing from the dura mater of the base of the 
brain cause optic neuritis much more frequently. When in 
the front of the base, the inflammation around the growth 
may extend directly to the nerve. But when more distant, 
as in the posterior fossa, optic neuritis is still a frequent con- 
sequence and is often intense, even when the nerve centres are 
not invaded. Those that invade the brain have the same 
tendency to cause optic neuritis as tumours beginning in 
the brain substance. But the compressing growths have 
this tendency in far slighter degree, and it is less the 
slower the growth of the tumour.     The more rapidly the 
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pressure   is   induced,   the   greater   and   more   acute  IB    he 
secondary  inflammatory  process   m   the   compressed   part 
manifested by  its  softening.    With very dowly grow ng 
tumours  such softening  may be entirely absent, and the 
Wency to the occurrence of optic neuritis is very « 
Zhter     I have seen a tumour the size of the. closed fist, 
which had compressed the hinder half of one hemisphere so 
as to produce a depression corresponding to the growth, in 
wh  h there was no optic neuritis up to the end, and no sign 
That optic neuritis had ever existed.    Hence the absence of 
optic neuritis is evidence of some value that a tumour at th 
surface of the brain springs from the membranes and is n 
invasive.    Cases are on record, moreover, in which th   optic 
neuritis was for a long time the only symptom of such a 
growth; as in one case in which, after  the neuritis had 
Listed for months, hemiplegia came on   and was found to 
be due to a sarcoma   springing  from  the  periosteal  dura 
mater, and which had compressed the left hemisphere of   h 
cerebellum and the left side of the pons Varohi^    In the 
case figured in PL V. 5, optic neuritis, although not the 
earliest" symptom,  reached its height   before   any   motor 
paralysis   occurred.     The  tumour   sprang   from   the  dura 
Zlel and had compressed the right side of the pons and 
right hemisphere of the cerebellum. _ _ 

In some of these cases secondary meningitis may be traced 
along the base of the brain.    Such inflammation is produced 
by meningeal growths even more frequently than it is by 
tumours in the substance of the brain, and it may play an 
mpoTant part in the production of the changes m the eye. 

m 
T, 
if 

MENINGITIS. 

The effects of meningitis on the eye vary much according 
to its seat, being slight and late when the ntonj*m» 
at   the   convexity   of   the   hemisphere,   considerable   and 

i Pagenstecher and Genth's "Atlas of the Path. Anat. of the Eyeball," 

PI. xxxiv. Fig. 3. 
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I 

i 
■ ' 

early when the meningitis is at the base. In some cases, 
especially of the former class, ophthalmoscopic changes are 
entirely absent, and when present they attend the stage of 
developed inflammation rather than the initial vascular 
disturbance. They thus afford, as Manz and others have 
pointed out, little support to the doctrine that the intra- 
ocular circulation shares and reveals disturbances of the 
encephalic vessels. It will be convenient to consider sepa- 
rately the changes in the several forms of meningitis. 

SIMPLE MENINGITIS.—Acute simple meningitis of the 
convexity is usually unaccompanied by ophthalmoscopic 
changes; only when it has lasted for a considerable 
time is neuritis sometimes developed. In a case of 
purulent meningitis, suppurative inflammation of the eye 
(chemosis and post-mortem infiltration of the retina with 
pus) was observed by Berthold,1 but was probably coincident. 
Leube 2 has recorded a case of purulent meningitis of the 
convexity secondary to septicaemia in which there was 
intense inflammation of the optic nerve in front of the 
commissure. The only changes in the eye were distension 
of the retinal veins and haemorrhages. I have seen well- 
marked neuritis in a case of septic meningitis (post- 
puerperal) with grave cerebral symptoms. The patient 
recovered. 

Chronic simple meningitis of the convexity, slight in 
degree (such as that of which traces are often found in the 
brains of drunkards), is also commonly unattended by any 
optic change. The slight oedema and congestion of the 
disc, sometimes seen in chronic alcoholism, is probably the 
result of the toxaemic condition rather than of the encephalic 
change. 

Simple meningitis of the base is rare, except in association 
with tumour or some bone disease. Optic neuritis may occur 
by direct propagation, and in those cases in which the 
disease is chronic, the visible changes in the disc may be 

1 "Arch. f. Ophth.," Bd. xvii. 1874. 
2 " Deut. Arch. f. klin. Med.," 1878, xxii. 263. 
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considerable in degree and dnration.    Basilar meningitis is, 
however, in most cases tubercular or syphilitic 

TUBERCULAR MENINGITIS : Associated Condition.-Tuherdes 
of the choroid  may now and then be found in tubercular 
meningitis,  and  furnish   valuable   diagnostic  information. 
But they are less frequent, as  Cohnheim pointed out   m 
tubercular meningitis than in general tuberculosis without 
meningitis.    HeinzeP never saw them in forty-one cases of 
tubercular meningitis which he examined with the ophthal- 
moscope, and the case figured (Fig. 49) was the sole instance 
in which they were found in twenty-six cases examined by 
Garlick   at   the   Hospital   for   Sick   Children.     The   few 
recorded   cases  in   which  neuritis due to  meningitis   co- 
existed with tubercles  of  the choroid have been collected 

by Bruckner.2 

Consecutive Changes.-A peculiar marbled reflection from 
the retina has been described by Leber and Hook, occurring 
especially in the neighbourhood of the veins.    They have 
seen it in conjunction with tubercles  of  the choroid, and 
state   that   it   is   not   due  to   neuritis   occurring   earlier. 
Nevertheless, redness of the disc is sometimes observed m 
association with this condition.«    A somewhat similar reflec- 
tion, chiefly around the disc, has been described by Manz 
as the most frequent change.    He associates it with oedema 
of the  sheath  of   the optic  nerve, and it may be due to 
a slight oedema of the retina (compare PI. I. 3). 

Changes in the optic discs of more considerable degree 
are, however, present in tubercular meningitis in such a 
proportion of the cases as to constitute a very important 
symptom of the disease. The frequency of the occurrence 
has been variously stated. The discs are often normal 
throughout   in   the   rare   cases   in   which   the   tubercular 

i " Jahrbuch fur Kinderheilkunde," 1875, p. 334. 
2 "Arch. f. Ophthal.," vol. xxvi. pt. 3, 1880, p. 154. " Arcti. I. upnuiai.,     v»i. ^... r , . i 
- It is doubtful whether this appearance is really pathological; a condition 

very like it is met with apart from disease, often called *e "watered sUk 
retina." For an explanation of this appearance, see Gunn, Ophth. Hosp. 

Rep.," vol. xi. p. 348. 
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inflammation is confined to the convexity of the brain. In 
some cases of basal meningitis, also, changes are entirely 
absent. Grarlick,1 of twenty-six cases carefully watched at 
the Children's Hospital, found the discs normal throughout 
in five; distinct swelling was developed in about half the 
whole number, increased redness only in one quarter, and 
in a few others only distension of veins. In many of these 
cases, however, the changes were slight, and their patho- 
logical character was recognizable only by their development 
under observation. It is probable, then, that considerable 
changes are present in one-half the cases, and that in 
two-thirds of the remainder slight alterations will be found, 
if the discs are watched with care from day to day. The 
occurrence of congestion and oedema of the disc seems to be 
especially related to the occurrence of inflammation, and the 
formation of lymph, in the anterior part of the base, about 
the chiasma and the optic nerves. 

The degree of change is rarely great. The disc becomes 
full-coloured, and its outlines hazy. Sometimes this and 
distended veins constitute the only morbid appearance. 
More often swelling, with undue striation, becomes visible 
on direct examination, and the edges of the disc gradually 
cease to be recognizable. The disc has sometimes a reddish- 
grey aspect. In several recent cases I have noted that the 
colour of the swollen papillae was much paler, especially on 
examination by the indirect method, than in the early stage 
of the acute neuritis of cerebral tumour; the aspect suggest- 
ing the idea of a subsiding neuritis rather than one that is 
commencing, and this in cases in which the neuritis was 
quite recent. The neuritis rarely passes into a more intense 
degree, perhaps because life is only prolonged sufficiently in 
cases in which the inflammation is not intense. The veins 
are often, though not always, over-distended from the first. 
In Grarlick's observations their distension was especially 
related to excess of subarachnoid fluid; when the quantity of 
this was normal, there was no distension of the sheath—a 
fact of much importance. Occasionally white lines along 

1 "Med.-Chir. Trans," 1879, p. 441. 
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.the sides  of the vessels are unduly conspicuous.    Haemor- 

rhages are rare. 
Sometimes white spots are seen in the neighbourhood ot 

the swollen disc.    They are in the substance of the retina, 
and consist of an accumulation of lymphoid corpuscles in 
the   nuclear   and   molecular   layers,  or of degeneration ot 
nerve-fibres.    They may readily be   mistaken for tubercles 
of the choroid.    It has been thought that they are of the 
nature of tubercles, and they have accordingly been described 
as retinal tubercles, but very similar spots are seen in neuro- 
retinitis from other causes.    Occasionally a gauze-like opacity 
is seen over a wide area of the retina, with scattered white 
points and flakes  (Heinzel).    Very rarely retinal hemor- 
rhages are associated with the papillitis.1 

The changes  that   occur   in  tubercular  meningitis   are 
always double, though   often more advanced on one side 
than on the other.   In some cases the excess was found by 
Garlick to be on the side of the chief cerebral change, but in 
a few it was on the other side.    In most cases the patients 
die not long after its development, and sight suffers little. 
In the rare cases that recover the  inflammation   does  not 
become intense within either the skull or the eye.     In such 
cases the optic neuritis is of extreme diagnostic importance. 
As the cerebral symptoms subside, the neuritis passes away 
and sight is preserved or restored.    This has been pointed 
out by  Clifford Allbutt, and two  probable   instances are 
described   by   Garlick.     The    symptoms   were   headache, 
vomiting, constipation, irregular pulse, normal temperature, 
and  the development   of   ophthalmoscopic   changes   under 
observation.    In   both   cases   recovery   was   complete.     In 
another case observed by him an increase in pulmonary symp- 
toms was attended by a marked decrease in the  cerebral 
symptoms, and in the optic changes,  for five days before 

death. 
Cases of optic nerve atrophy of old-standing are occa- 

sionally seen in which sight was lost in early life with 
acute cerebral symptoms very like those of an attack of tuber- 

i Heinzel, loc. eit. p. 341, Cases 6, 16, 19, 26. 

4 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



I 
IJI 

176 MEDICAL   OPHTHALMOSCOPY. 

cular meningitis. Several such cases have been related by 
Hutchinson.1 Incipient atrophy was noted by Heinzel in 
one case of long duration, and in two others he observed the 
initial stage of consecutive atrophy. In some of the cases of 
recovery from supposed tubercular meningitis with ophthal- 
moscopic changes, the symptoms, it must be remembered, 
may possibly have been due to a tubercular mass in the 
brain. The symptoms of such a tumour sometimes resemble 
closely those of tubercular meningitis, but much more 
frequently pass away. 

The neuritis which accompanies tubercular meningitis was 
regarded by v. Grraefe as affording the typical example of 
descending neuritis, the inflammation passing directly from 
the membranes to the optic nerves. With this my own 
experience accords. In some cases the existence of inflam- 
mation in the trunk of the nerve is obvious on naked-eye 
examination. The nerve is swollen, softened, and reddened. 
In most cases the descending neuritis may be demonstrated 
by microscopical examination. 

Besides the distension of the sheath, which sometimes, but 
not always, coincides (and has been supposed to be the cause 
of the neuritis), more pronounced lesions are often found 
in it. The sheath usually presents, under the microscope, 
evidences of inflammation and exudation, which were found 
by v. Ziemssen2 to extend from the chiasma to the eye. 
Moreover, Michel,3 in a case in which there was a cloudy 
halo around the papilla, found not only effusion into the 
sheath, but numerous miliary tubercles in both the dural 
sheath and pial tissue. 

In a considerable number of cases the symptoms of menin- 
gitis are distinct before the ocular changes are developed. 
In such cases the ophthalmoscope corroborates rather than 
assists the diagnosis. But in some cases the cerebral symp- 
toms are latent or dubious, and in these the examination of 
the eyes may afford very valuable help, and it is probable 

1 "Ophth. Hosp. Rep.," v. 310 and ix. 124. 
2 "Jahrb. f. Ophthalmologie," 1878, p. 242. 
3 "Deutsch. Arcliiv. f. klin. Med.," xxxii. p. 439. 
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that it would do so in at least one-third of the cases.    Of 
the twenty-six cases watched hy Garlick, the ophthalmoscope 
was of real diagnostic assistance in six, and would doubtless 
have been so in a larger number had earlier examination 
been   practicable.      In   one   case,   which  lasted  twenty-six 
days, the other symptoms were indefinite  until the nine- 
teenth  day,  but  on   the fourteenth   day  the  ophthalmo- 
scope changes were so unmistakable that the diagnosis of 
meningitis was confidently made.    In another case ophthal- 
moscopic changes were distinct on the ninth day, the symp- 
toms were diagnostic only on the fifteenth day, the patient 
dying on the twentieth day.     In both cases, the  changes 
about the optic commissure were much more marked than 

those elsewhere. .   •    ,•        * 4.1, 
During the course of meningitis a diminution of the 

cerebral symptoms may be accompanied by a diminution in 

the ocular changes. 

SYPHILITIC MENINGITIS.—Syphilitic meningitis (1) may 
be associated with the ocular signs of syphilis, and (2) may 
cause optic neuritis.    When at the base, the ophthalmoscope 
signs are similar to those of tubercular meningitis, but, more 
chronic in course and more considerable in degree.    When 
localized in the convexity, ocular symptoms may be entirely 
absent     If the case is not subjected to proper treatment, 
and local chronic meningitis persists, it is probable that the 
disc sometimes passes into a condition of intense neuritis, 
similar to that which is seen in cerebral tumour.    Syphilitic 
meningitis is a malady about which, however, we still have 
much to learn.    Its diagnosis from gummata is only possible 
by the more extensive symptoms, and a growth can never 
be excluded if focal symptoms are produced.    Moreover, the 
two processes pass one into the other. 

ILEMORRHAGIC PACHYMENINGITIS (ILEMATOMA OF THE 

DURA MATER.).-According to Filrstner,1 there may be 
mechanical   congestion  of   the retinal veins and  papilhtis, 

1 "Arch. f. Psychiatrie," vol. viii. pt. 1. 
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accompanied  by distension of the optic sheath with dark- 
coloured fluid. 

CEREBRO-SPINAL MENINGITIS.—In epidemic cerebro-spinal 
meningitis, optic neuritis may occur, but is rare. Schirmer 
found it in one only of twenty-seven cases examined. Von 
Ziemssen1 observed slight neuritis in one case, and in another 
a pale fundus with broad and tortuous veins, narrow arteries, 
and haemorrhages beside the disc; at a later period white 
points appeared in the retina. Oyclitis and retinitis were 
found by Oeller.2 Many of the retinal veins contained 
thrombi and granular plugs ; no direct connection with the 
intra-cranial process could be traced. A purulent irido- 
choroiditis is the most frequent change in this disease. 

In the sporadic (possibly rheumatic) form of cerebro- 
spinal meningitis, optic neuritis may occur, and may lead to 
atrophy. Thus Mr. E. Pope of Tring recently showed me 
a lad who, after a severe wetting, had suffered from intense 
headache, delirium, fever, and retraction of the head. Sight 
failed ten days after the onset. The symptoms subsided at 
the end of six weeks, but he remained blind, and when I 
saw him, six months later, there was slight perception of 
light in one eye only. The optic discs had all the appear- 
ance of consecutive atrophy, the centres were filled in with 
new tissue, the vessels narrowed, and the adjacent choroid 
disturbed. Such a case, however, is perhaps to be separated 
from most sporadic cases, since in these a conspicuous exciting 
cause is seldom to be traced. 

TRAUMATIC MENINGITIS often causes ophthalmoscopic 
changes, of which an instance is shown in PI. III. 5, a 
case in which fever, delirium, and convulsions succeeded a 
fall on the head. The neuritis subsided with the symptoms. 
These cases are considered in the section—" Injuries to the 
Head." The ophthalmoscopic changes are frequent and 
are of the highest importance in the many cases in which 
other symptoms are  subjective only, and when  the grave 

1 " Jahrb. f. Ophthalmologie," 1878, p. 243. 
2 "Arch. f. Augenkrauk.," vol. viii. 1878, p. 357. 
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nature of the effects of the injury may he douhted or even 
denied hy those whose interests are opposed. 

DISEASES OF THE CRANIAL BONES. 

CARiES.-In caries of the sphenoid hone, or suppuration 
heneath the periosteum, the inflammation may extend to the 
optic nerve, damaging it, and causing secondary atrophy or 
descending the nerve, may produce mtra-ocular neuritis     The 
disc shown in PI. HI- 2 is an illustration of this effect.    The 
case was one of caries of the hody of the sphenoid hone in a 
girl aged sixteen.    There was well-marked neuritis m the left 
L, hut for a month afterwards the right eye was normal. 
Coincident^ with an increase of the symptoms of meningitis 
this also hecame inflamed, and she died a few days later.    The 
autopsy showed caries of the  sphenoid, ^° ^*£ 
around the left sphenoidal fissure, involving the sheath of the 
left optic  nerve.     There  was also   general acute purulent 
meningitis, which had, no douht, been the cause of the neuritis 
in the right eye.     The damage to the nerve was just m 
front of the chfasma; the neuritis coincided in onset with an 
increase in local symptoms, which ended m  an  attack of 
" n ngitis, from which the patient died.    When the draw- 
Zl was made, the neuritis was confined to the eye col- 
liding to the damaged nerve; soon after the onset of the- 

meningitis, a  day or two later, similar neuritis made  its 
me     gii   '   •     ./  ortier   eYe      In  this  case there was no 

:rg:in
ceth ittw z ^, *. T—* 

iorn'er, of caries of the sphenoid, the sheath of  the opti 
nerve  ;as  distended hy purulent material   as  far  as  the 

^Caries of the hone, at a distance from the optic nerves, does 
not cause ophthalmoscope changes unless it excites menm- 
gL or cerebral abscess. To this, however, an exception 
must be made in regard to disease of the bones of the ear, 
whthLre is reason to believe may cause apjoj^ 
when no abscess or meningitis is to be found. It has been 
Tuggested by Mr. Arthur Barker that the papilhtis m these 
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II 

1 

•cases may be the result of a septic inflammation in the 
middle ear, infecting directly the adjacent carotid canal, 
and extending along the lymphatics of the latter to the 
sheath of the optic nerve. Cases such as he has observed 
are certainly of much clinical importance, and deserve close 
attention on the part of the pathologist. 

THICKENING OF THE CRANIAL BONES.—General thicken- 
ing, of the cranial bones may cause optic neuritis and con- 
secutive atrophy. Neuritis with great swelling of the 
papilla, was present in a case of this description in the Queen 
Square Hospital under the care of Dr. Buzzard. The 
general thickening of the bones of the skull appeared to be 
of a sub-inflammatory character. There was no post-mortem 
examination, as the patient recovered; but Michel has recorded 
the case of a boy who was blinded by neuritis and consecutive 
atrophy early in life, and who died aged fifteen. The ne- 
cropsy revealed great hyperostosis of the bones of the skull, 
by which both optic foramina were considerably narrowed. 
The optic nerves were atrophied from the chiasma to the eye, 
but the orbital portion was greatly thickened by hyperplasia 
of the cellular tissue in the subvaginal space. A similar case 
has been described by Manz, in which the tissue between the 
sheath and the nerve had a semi-gelatinous aspect. Michel 
•explains this change, by assuming that the narrowing of the 
foramen leads to retention within the sheath of lymphatic 
fluids, which cause irritation. 

In other cases, similar conditions of bone, exostoses, &c, 
narrowing the optic foramen, have caused only simple 
-atrophy of the optic nerve. 

DISEASES OF THE ORBIT. 

Inflammatory Processes in the Or^Y,e.f/.,cellulitis (as in facial 
-erysipelas), inflammation at the back of the orbit, or periosteal 
affections in which the symptoms and their course point 
clearly to the seat and nature of the lesion, although the 
pathological inference is still as unconfirmed by post-mortem 
-evidence as is the case with the analogous inflammation of 
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the facial nerve, frequently damage the optic nerve.    This 
damage always involves inflammation, which may or may 
not be seen in the papilla.    The difference depends part y 
on  its tendency to spread down  the nerve, coupled with 
its proximity to the eye  or distance from  it, and partly, 
perhaps, on the compression of the vein.    But whether there 
is neuritis or  not, atrophy is subsequently visible, propor- 
tioned, in degree, to the impairment of sight,    lhis may 
or  may  not   have  the   aspect  of   " consecutive  atrophy 
There may be neuritis and its effects, but the affection of 
sight may be due chiefly, not to the visible inflammation, 
but to the changes behind the eye, at the  spot primarily 
diseased.    Hence care must be taken (as pointed out in the 
account of secondary atrophy) not to regard the papuhte^ 
the chief cause of a failure of sight that may occur without 
any intra-ocular inflammation.    It is of practical importance 
to remember that no forecast can be drawn from the visible 
inflammation-that the  absence of  this affords no ground 
for a good prognosis.    In the one case, the nerve is simply 
compressed by the inflammatory products, or, if inflamed, 
the inflammation is localized.    Sight is lost sometimes very 
rapidly, and simple secondary atrophy of the lower portion 
of  the nerve results, occasionally with ultimate narrowing 
of the vessels (Allbutt and Teale).    In the other case, the 
inflammation is  communicated to the nerve, and descends 
along it to the eye, or inflammatory processes m the sheath 
lead'to a secondary papillitis.    In many cases the eyeball 
becomes prominent, usually only in slight degree, and the 
absence of such prominence is of no negative ^fi~ 
The exophthalmos depends on the amount of effusion and its 
character.    The nerves may be gravely damaged when the 
general orbital inflammation is slight. _ 

PI II 3 affords an example of the occurrence of simple 
atrophy of the nerve due to this cause. It is an illustration 
of a well-marked type/ in which loss of sigh of one eye 
comes on simultaneously with paralysis of all the ocular 

i For example, those recorded by v. Gvaefe, "Arch f. Ophth.," vol. i. 
pt. 1, p. 424, and Baumeister, ibid. vol. xix. pt. 2, p. 2b4. 
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muscles, sometimes with tenderness on pressing the ej^eball 
back into the orbit.    The symptoms have been ascribed to 
haemorrhage   (v.   Grraefe)  or  inflammatory  mischief  (Bau- 
meister) at the back of the orbit.    In the case illustrated, 
the cause was almost certainly "rheumatic" inflammatory 
mischief, for the symptoms came on suddenly, with much 
pain,  after exposure   to   cold,  in  an   intensely  rheumatic 
woman, who had previously had an attack of " rheumatic " 
paralysis of the facial nerve.    The paralysis of the ocular 
muscles passed away, but that of the optic nerve persisted, 
and the disc slowly passed into atrophy without the least 
sign of neuritis.    In such a case it is probable that the nerve 
suffered  chiefly from pressure.    A case  of  rapid  but  not 
permanent failure of sight, accompanied with shooting pains 
passing to the back of the head, in a woman who had had 
facial paralysis, has been recorded by Nettleship.1    There 
was  slight pufnness  of  the eyelids, but  no tenderness on 
pressing the eyeball back, and the ophthalmoscopic appear- 
ances were normal. 

In another case, probably of syphilitic mischief at the 
back of the orbit, with intense pain in the eye, orbit, 
and head, the inflammation descended to the eye, and 
produced secondary papillitis, ending in atrophy. In this 
case sight was lost, and the vision of the other eye also 
became impaired. Hence it is probable that the inflamma- 
tion extended from one optic nerve to the other, probably 
by the chiasma—a danger that makes energetic, prompt 
treatment imperative. 

A very similar state of secondary atrophy of the nerve 
may result from a blow on the head,2 or on the eye. Eapid 
exophthalmos and the appearance of the lids may show that 
haemorrhage has occurred into the orbit. These conditions 
are considered in the section on "Injuries to the Head." 

In rare instances, haemorrhage has occurred apart from 
injury, in sufficient quantity to cause prominence of the 
eyeball and distension of the eyelids with blood.    Of two 

1 "Lancet," 1881, i. p. 760. 
2 Snell: " Ophth. Rev.," i. 402. 

■■■■■■■^■■■■■i 
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cases recorded by Ayxes > the exciting «™J£™ ^ 
■ i    * „#^w-  in the other a strain during vomiting.    J.II« 

11   f tpaUelt of sight appears to depend upon the 
all of blood effused, and the consequent stretching of 

the optic nerve ^ of ^ orbit 
Tumours m the Oi M.—A. vamou. 

or  of the optic nerve, may cause ^^VSThe 

eye m front of the growt innammation, 
escapes or presents only a si ghte the 

which has been  communicated to the  ner ^^ 
chiasma.    There is also distinct and increasing i 

of the eyeball. 

INJURIES TO THE HEAD. 

T •    •     *» the head   blows, falls, &c, frequently cause 
juries to tite head   b ophthalmoscopic 

ocular ^^;f0^^Ln&Teoi several varieties. 
S1T'lmparmeTt or lo8S of sight, without ophthalmoscope 

1. I*P™£ alterations-simple congestion 

tZdisc easUy overlooked.    Such impairment may result of tne aisc, e<i&nj u ,     ,     -.     j    some 

as must be ascnueu uu n^ni   ifter a blow on 
T?™. Wnnoe  in a case recorded by (xosetti, alter a w For instance   in red unduly lar 

one angle of the orbit nea-       J *        opnthalmoscopic 
and there was some colour-blindness, DUI U     I 

Ch2ngOPtic neuritis has followed injuries to the bead in many 2. Untie neu g_    ^ ^ apparently 

x ■< Archives of Ophthalmology," vol. x. pt. 1, March, 1881, p. 42. 
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injury, but a few days later hernia eerebri occurred. The 
optic discs were then normal, but five days later there was 
acute optic neuritis, which persisted until death. 

The neuritis may be slight or considerable, and may 
entail loss of sight and consecutive atrophy. When 
occurring long after an injury it may be due to abscess of 
the brain, as was possibly the case in a patient who pre- 
sented double papillitis a year after a violent blow from 
an exploded shell, over one eyebrow, which ultimately 
caused necrosis of bone.1 

3. Simple atrophy of the optic nerves, unilateral or 
bilateral, may result from injuries which damage the optic 
nerves, directly or by pressure from secondary inflammation. 
An example of this condition was met with in a patient in 
whom a fall on the right side of the head and shoulder, 
injuring the circumflex nerve, was followed by slow grey 
atrophy of the right optic disc. In such -cases sight often 
fails some time before the ophthalmoscopic signs of atrophy 
are apparent.    See below, " Fracture of the Skull." 

4. In some cases an injury to the head may be followed 
by gradual failure of sight, with very slight and stationary 
papillitis. In such cases it is probable that a chronic 
interstitial neuritis has been set up in the nerve trunk 

Concussion of the Brain is attended by no ophthalmoscopic 
change.    Simple concussion of  the  nerve and retina may 
probably, as just stated, cause loss of sight and slow atrophy 

Contusion  and Laceration of the Brain may  entail  optic 
neuritis,  commonly  slight  in   degree,  although  sometimes 
marked with increased vascularity and redness and opacity 
of the adjacent retina.    It is apparently due, in some cases, 
to a secondary meningitis, but may occur directly from the 
brain  lesion.     It may constitute  a valuable indication of 
the occurrence of greater mischief than a mere concussion 
I or instance, in a case recorded by Gazet,2 the symptoms of 
concussion were followed by neuritis and consecutive atrophy 
and ten weeks alter the injury the necropsy showed two foci 

1 Recorded by Boncour : " Journ. d'Ophtk.," July, 18/2 
2 "L'Union Med.," 1865, ii. 3, No. 63. 
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of red softening in the right anterior lohe and one m the 
corpus callosum. Panas has found in such cases distension of 
the sheath of the nerve, and it is assumed on the Schmidt- 
Manz theory, that thus the neuritis is produced, but this is 

at present unproved. 
Fracture of the Skull1 not uncommonly causes loss of sight 

in consequence- of laceration of the optic nerve.    Accordmg 
to the statistics of Holder, quoted by Berlin the orbital vault 
is involved in 90 per cent, of fractures of the base of the 
skull (80 out of 88 cases), and the optic canal is implicated m 
54 (or 60 per cent.).    In 42 of these there was hemorrhage 
into the sheath of the optic nerve.    The mostfrequent causes 
are blows and falls on the frontal bone (especially the orbital 
portion), less frequently on the temporal or occipital bone. 
The effect of the resulting laceration of the nerve is usua y 
immediate  and  permanent loss of  sight.    It  is generally 
unilateral and on the side of the mjuryvery rarely on the 
opposite side, as in a case recorded by Leber and Deutsch- 
mann, in which the eye blinded was on the side opposite 
to that on which blood escaped from the ear.    Both eyes are 
only affected when both optic canals are fractured.    Some- 
times the hemorrhage into the orbit is evidenced by promi- 
nence of the eyeball and effusion of blood into the eyelids. The 
optic nerve may be torn, compressed, stretched or the seat 
of hemorrhage.    Absolute loss of sight from direct injury 
to the nerves is usually permanent.    When the lesion as i 
commonly the case, is behind the place of entrance of the 
central vessels, there is at first no ophthalmoscope change 
or only transient retinal hyperemia, but atrophy gradually 
sets in     The pallor has been observed to commence three 
weeks after the injury.     The ultimate appearance of the 
disc is usually that of simple atrophy, the edges sharp  and 
the vessels of normal  size.     Sometimes narrowing of the 

x The statute in the text are, ******£?. ££%££ 

by Berlin (« Heidelberg OpMh  G-^^d Stsctoann, "Arch. I 

K^SM'^*- andSaemisch's "HandbucV 
vol. v. p. 219. 
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' 

vessels  has  been observed,   and  has  been  ascribed  to the 
extension of inflammation to the tissue around the vessels, 
or to their direct compression by the injury, or by effusion 
of blood.    Ophthalmoscopic signs of inflammation are not 
common, except as a result of subsequent meningitis, but, 
in one of my cases, oedema of the disc with retinal hgemor- 
rhages accompanied effusion of blood into the optic sheath. 
If the injury to the nerve is in front of the place of entrance 
of the central artery, the ophthalmoscopic appearances are 
similar to those of embolism.    When the injury to the nerve 
is partial, the loss of sight may be incomplete, and in such 
cases central scotomata and peripheral limitation of the field 
have been observed.    When sight is impaired by effusion 
of blood into the sheath, the prognosis is said to be better 
than when the nerve is injured.    Occasionally signs of direct 
injury to the eye have been observed in these cases, rupture 
of the choroid or vitreal opacities. 

Compression of the Brain may, it is said, be attended by 
changes in the fundus oculi—distension of the retinal veins, 
congestion and oedema of the papilla. Such appearances are, 
however, certainly rare. 

Traumatic Meningitis entails, very commonly, ophthal- 
moscopic changes similar, for the most part, to those which 
are found in tubercular meningitis. Meningitis often results 
from fracture of the base of the skull, and may, like tuber- 
cular meningitis, be attended with neuritis. An instance 
of traumatic mischief with neuritis is afforded by the case 
figured in PI. III. 5. The neuritis came on with mental 
disturbance and convulsions, following, at an interval of a 
week, a fall on the head. The change was slight in degree, 
although very distinct, and passed away soon after the 
cerebral symptoms subsided, leaving no trace. When the 
neuritis is more intense, blindness may result. Hock1 has 
described the case of a child who had symptoms of menin- 
gitis five months after a fall on the head. Optic neuritis 
(" descending ") was found with the ophthalmoscope, sight 

l "Oest. Jahrb. fiir Padiatrik," vol. v.  1874, p.  1.    " Nagel's Jahrb. f. 
Ophth.," vol. v. p. 427. 
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t^Xla^—d with thf signs of ^chirfat 

^cTof theU, paralysis of °«^&^ 
eWc inflammatory conse.ue-es of an n,^ ^ 

meningitis, inflammatory " F°^ > ^ ™ ^ a case in 
progress for a long fame, even foyears,  a     n 

the  arteries   and   caused   fatal   soltenmg, 

losf of lone, may be accompanied with nennfcs, » m 

TSTJA"«S2-* damage* b»ljr 

inquired for in all cases of local brain disease. 

DISEASES OF THE NOSE. 

{™Z:Tin ,r^L « poiyp.id g*0* in to, 

^he Enid is not cereWpinal flmd, no, is it ordinary nasal 

, B. N.lWJp. " 01*. W «■ "d E"'s" **"! " °Pk *"" 
•vii. 97. 
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secretion. The most probable explanation is that there is 
increased intra-cranial pressure and hydrocephalus, and that 
the escape of fluid relieves the pressure indirectly, and that 
it is conditioned by some abnormal state of the mucous 
membrane of the nose. In a case recorded by Baxter,1 

however, there was no disease, but the bones of the skull 
were abnormally thick. But in this case the cerebral symp- 
toms were rather those of functional than of organic 
disease. To increase the mystery, some of the cases pre- 
sented slight symptoms of exophthalmic goitre. 

INSOLATION AND HEATSTROKE. 

The occurrence of congestion of the optic discs in cases of 
severe sunstroke, described by Maenamara, has been before 
alluded to (p. 138). In America, according to Hotz,2 it is 
not uncommon to meet with cases of atrophy of the optic 
nerves, which are ascribed by the patients to sunstroke. 
Commonly the arteries are narrowed, as if from preceding 
inflammation, and in some recent cases he met with actual 
neuritis. In three the exposure had been to the sun, in three 
to an intense heat. Severe headache was a prominent early 
symptom, and it is probable that the neuritis was secondary 
to acute cerebral congestion or meningitis. 

Hotz has also seen exudative choroiditis apparently from 
the same cause, in degree sufficient to cause detachment of 
the retina. He regards it as due to the extension of inflam- 
mation along the sheath of the optic nerve, but the absence 
oi choroiditis m other cases of such extension renders the 
explanation difficult to accept. 

1 " Brain," v. 325. 

- "American Journal of Medical Science," July, 1879. 
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DISEASES  OF THE SPINAL  CORD. 

INFLAMMATION. 

Smnal   meningitis   may   be   accompanied   by   ophthal- 
bpinai   men   b j ^ membranes are  also 

moscopic  cbanges when the cere ora 

°J Zy Id various are the M. of the blood m wtah 

+1IP nanilla becomes inflamed. 
MyeWis is an illustration of the  same truth.    It is ako 

usfafly unattended by any changes in the eye, but to this 
"le  several   remarkable   exceptions   have   been   recorded 
They show, conclusively, that the papilla is susceptible to 

Tr   of the blood that influence the  spinal cord. 
SSl'SE ne^s   veiling the edges of the  discs   « 
Jen by Clifford Allbutt in a case of  chronic myelitis in 
the upper dorsal region.    Partial grey atrophy supervened 
The sle observer has also met with partial atrophy after 
ine same „      •   .   has twice  seen   optic   neuritis 
dorsal   myelitis.     begum    nas w r . 
coincident with subacute transverse myelitis.    The attection 
of the oPtic nerves ran  a  favourable course  and left no 
lLX^oisiSU.   Noyes* has recorded the case  of  a 
2Z man in whom, without  cause, impairment of sight 
HZ right eye was simultaneous with some spinal symp- 
toms and a fortnight later slight optic neuritis was found. 
TTe  spinal symptoms  (initial retention of urine, ting ing, 
Id some anLthesia in the legs) did not increase, but the 
fields o? vision became changed in a peculiar and irregular 
manned  suggesting an  affection of  the  chiasma  or  opt. 

traina man, aged fifty-two, whose case has been recorded by 

i  " Journal of Nervous and Mental Disease," April, 1880 
s - Archives of Ophthalmology," vol. ix. 1880, pt. xi. p. 199. 
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Steffen1 and by Erb,2 loss of sight, commencing by a central 
scotoma, and accompanied by slight neuritis, occurred first in 
the left eye, and, three weeks lacer, in the right. Sight 
slowly returned, but three months later there was renewed 
failure in both eyes with temporal hemianopia, without 
marked ophthalmoscopic changes. Two months later the 
symptoms of a transverse dorsal myelitis came on. 

Very significant also are two cases of coincident neuritis 
and myelitis observed   by Dr. Dreschfeld, of  Manchester. 
One was a man aged forty-one, who, simultaneously with 
an attack  of double optic  neuritis  going on  to   complete 
atrophy,   and   slight    mental   disturbance,   presented   the 
symptoms of acute myelitis, from which he died at the end 
of  a  month.      The  necropsy  revealed   disseminated  acute 
inflammation of the spinal cord in the dorsal and lumbar 
regions.    The brain appeared healthy.    The other case was 
that  of a woman,  aged thirty-eight, who  died  from  res- 
piratory paralysis six weeks after the onset of symptoms of 
acute myelitis.    Soon  after  the paralysis came on, double 
optic neuritis was found to exist.    After death the brain 
presented merely signs of congestion, but the upper part of 
the spinal cord was softened. 

It is probable that, in these cases, the optic neuritis and 
myelitis were both the result of a common cause. The 
coincidence of acute inflammation of the optic nerve and 
spinal cord is of considerable interest in connection with 
their frequent affection in chronic disease. It is probable, 
however, that in some cases (Noyes, Steffen) the cause of the 
neuritis was situated at or near the chiasma. 

SCLEROSIS OF THE CORD. 

POSTERIOR   SCLEROSIS '.     LOCOMOTOR   ATAXY. 

Atrophy of the optic nerves is, as is well known, frequent 
in  locomotor  ataxy.    In  what  proportion of the cases it 

1 " Sitzungsbericht der Heidelberg Ophth. Gesellscliaft," 1879. 
2 " Arcbiv fiir Psychiatrie," vol. x. p. 146. 
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occurs is difficult to say.    Ophthalmic surgeons have been 
impressed with its frequency.   Charoot believes that almost 
all cases of so-called simple atrophy ultimately present spinal 
symptoms.    Careful statistics show that the proportion ol 
the cases of simple atrophy in which spinal symptoms of any 
kind can be recognized is about one-half (see p. 112). 
' But we must not infer from this the converse proposi- 
tion that most cases of ataxy present optic nerve atrophy. 
It is probably near the truth to say that about one ataxic 
in six surfers from optic atrophy.    Of seventy consecutive 
cases of ataxy which have come under my observation only 
nine presented atrophy.    It existed in nine out of fifty-two 
cases recorded by Voigt,1 and in seven out of fifty-six cases 
analyzed by Erb.*    Thus of 178 cases of ataxy optic nerve 
atrophy existed in twenty-five, or 14 per cent.   When it does 
occur, it is more frequently an early than a late symptom, 
occurring before rather than after the difficulty m walking 
has become considerable.    In the nine cases above referred to 
the onset of the atrophy preceded any distinct disturbance of 
locomotion in eight.    In only one case did it develop after 
the inco-ordination was considerable, and m this the spinal 
symptoms came on very rapidly.    When sight is lost, any 
inco-ordination which  exists is greatly increased-the con- 
dition which the physician employs as a test to exaggerate 
the difficulty, the withdrawal of the guiding visual sensation, 
being permanent.    The ataxic symptoms are often so slight 
that  even as increased by the blindness, a careful investi- 
gation is necessary to discover them.    Blind people often 
walk in a more or less hesitating and uncertain manner, and 
the uncertainty of  slight  ataxy is easily attributed to the 
blindness.    Inquiry,   however,   elicits   other   symptoms,   as 
pains in the limbs, especially " lightning pains," and loss of 
sexual power, and careful observation of the gait shows an 
unsteadiness in turning, and in standing with the feet bare, 
and toes and heels close together.   It is, however, well known 
that the atrophy may occur before any obvious symptoms 

i " Berl. Kl. "Wochenschrift," 1881, No. 39. 
2 "Deut. Arch. f. Kl. Med.," 1879. 
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referable to the cord. One extreme instance of this early 
atrophy has come under my own observation, in which the 
atrophy of the discs was complete, and vision lost for twenty 
years before the first symptoms of ataxy showed themselves. 
1 have seen another case in which the loss of sight preceded 
for sixteen years  distinct spinal symptoms.    But in many 
such cases the loss of the " knee-jerk," i an early symptom in 
ataxy to which Westphal first called attention, precedes other 
symptoms, and if looked for will often be found to co-exist 
with optic nerve atrophy when  other symptoms of ataxy 
are  absent.    A very marked  example  of this relation, in 
which the atrophy existed for fifteen years, associated only 
with lightning pains and loss of  the  knee-jerk, has been 
related by Buzzard.2    Another early symptom is the loss of 
the reflex action of the pupil to light, although the contraction 
occurs on an effort at accommodation (Argyll Eobertson) 
The pupils are often small (" spinal myosis").    It is to be 
remarked, however, that this may co-exist with optic nerve 
atrophy without any spinal symptom, as in the case men- 
tioned on p. 266. 

When the atrophy is advanced, the optic discs are usually 
grey, even to indirect examination, and to direct examination 
very grey and mottled, the meshes of the lamina cribrosa 
may or may not be visible, the edges sharp and clear 
the sclerotic ring distinct. Sometimes there is a peculiar 
gelatinous opacity of the substance of the disc. To ordi- 
nary daylight the tint is a greenish grey; to gaslight a 
bluish or iron grey. Its characters are shown in PI. II 6 
Less commonly, the discs appear white to the indirect 
method of examination, but a grey mottling can always be 
seen with the direct method. The vessels are usually of the 
normal size. The grey disc and normal vessels have been 
supposed to be peculiar to this form of atrophy, but this is 

* It must not be hastily inferred, however, from the occurrence of the jerk 
that the atrophy 1S unconnected with disease of the cord, because lateral 
sclerosis, in winch there is an excess of the knee-jerk, may, in rare cases   be 
accompanied by optic nerve atrophy. 

2 " Brain," 1878, No. 2, p. 168. 
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SCLEROSIS   OF   THE   CORD. 193 

incorrect. The disc in atrophy from post-orbital pressure on 
the nerve, such as that shown in PI. II. 3, may present 
exactly the characters of the atrophy of ataxy. 

A stage of hypersemia, " chronic optic neuritis," has been 
described by Dr. Clifford Allbutt as sometimes preceding the 
atrophy, but the occurrence of this condition has not been 
confirmed by other observers. I have frequently looked for 

it, but without success. 
The anatomical characters of the atrophy have been already 

described (p. 116).    The trunk of the optic nerve is commonly 
nearly normal in size, but is grey and semi-translucent.    The 
grey degeneration may stop at the chiasma, but often, as 
Turck pointed out, involves also the optic tracts, and can be 
traced to the external corpora geniculata.    The microscopical 
investigations  (of  Leber  especially) have  shown  that the 
change in the nerve consists of an increase in the interstitial 
tissue, and sometimes the formation of translucent colloidal 
tissue around the vessels, as in Fig. 51, p. 117, together 
with a wasting of the nerve fibres.    The histological resem- 
blance to the change in the spinal cord is not so close as 
has been asserted.    Charcot and Abadie have suggested that 
the change commences in the nerve fibres, and is essentially 
parenchymatous, but the balance of evidence is not by any 
means conclusively in favour of this view. 

The affection is usually bilateral, although often more 
advanced in one eye than in the other. In rare cases, one 
eye may be much affected, and the other very little. 

Symptoms.-The affection of sight is usually characterized 
bv a progressive peripheral defect  in the field  of  vision, 
especially extensive on the outer side (Forster).   It progresses 
until only a small portion is left, situated to the inner side 
of the blind spot, and enclosing the fixing point.    Central 
vision may be little impaired even after the peripheral defect 
has become very great.    When the acuity of vision is thus 
preserved patients may, for a long time, be unaware of the 
affection of sight, until indeed the field is greatly reduced 
Sometimes a sector-like defect occurs, an example of which 
is figured at  p.   125.     Barely   one half  of   a   field   may 
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194 MEDICAL   OPHTHALMOSCOPY. 

be lost (Fig. 56, p. 124). This has hitherto only been 
observed when the sight of the other eye was entirely 
lost. 

Colour-blindness is frequent, and is almost always an 
early symptom. The first change is commonly a loss of 
perception of green, then of red (see p. 120). Occasionally, 
as I have seen, the defect in the field may be more per- 
ceptible in a bright than in a dim light, and the latter 
be preferred by the patient. The degree of impairment of 
sight, both in regard to acuity and to colour-vision, may 
vary from day to day, just as does the degree of impair- 
ment of sensibility in the legs. 

The manner in which the atrophy often precedes the 
symptoms of spinal mischief points to the anatomical in- 
dependence of the two affections, whatever may be their 
relations. Pathology verifies this conclusion, for in cases 
in which both posterior columns and optic nerves are affected, 
no anatomical continuity of degeneration can be traced. 
The degeneration extends as far as the chiasma, but the 
tracts are little affected. Thus there is an apparent want of 
correspondence between the optic and spinal phenomena. 
Both are, it is true, parts of the sensory nervous system, but 
in the nerve the seat of the morbid process is peripheral, in 
the cord it is central. It is, however, asserted by Pierret1 

that this opposition is apparent only. Although the de- 
generation of the optic nerves can be traced only as far as 
the chiasma, he has frequently found, in the corpora quad- 
rigemina, anterior and posterior, a process of sclerosis, which 
thus, at the root of the optic nerve, represents the sclerosis 
at the roots of the spinal nerves. Further, the latter may, 
he says, be found changed in the same manner as the optic 
nerve. On examination of the terminal expansions of the 
nerves of the anaesthetic and painful regions he has found in 
two cases the evidence of lesions of these nerves perfectly 
comparable to that which constitutes optic nerve atrophy. 
The farther from the peripheral termination the nerves are 

1 Quoted by Robin, op. cit.    The statements in the text are partly derived 
fi'om a communication M. Pierret has kindly made to me on the subject. 
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examined, the slighter do the changes hecome, and soon they 
disappear, and the nerves are  healthy, until the posterior 
columns  are reached.    Thus,  according   to   this   view   m 
locomotor ataxy we have a comhined peripheral and central 
change in  the  sensory nervous system;  and it has   been 
merely an accident of  pathological progress that attention 
has been primarily fixed on the central alteration m the cord 
and the peripheral process in the optic nerve.    But, as has 
been pointed out by Gunn, the optic nerve is to be regarded 
rather  as  part  of the central nervous system than as an 
ordinary   peripheral nerve,   and   the   importance   of   this 
relationship must be borne in mind (see p. 112). 

The course of the optic nerve atrophy is very like that oi 
the cord degeneration.    Eecovery of sight, if ever observed, 
is a still rarer event than recovery of co-ordination m the 
limbs    The interference with the function of the posterior 
columns of the cord may, in a recent case, be out of pro- 
portion to structural change, but in the eye this is rare, and 
the structural change is that on which our prognosis is based. 
At the same time an arrest of progress is sometimes obtained, 
as it is in the ataxy.    Although ultimately almost all cases 
increase, yet the progress is often very slow and many years 
may  pass before  even a  small field  is finally lost.    The 
perimeter affords valuable aid in estimating changes, which 
patients are apt to regard too favourably. 

LATERAL   SCLEROSIS. 

Ophthalmoscopic changes are very rare in cases which 
present the symptoms of primary lateral sclerosis of the 
cord In one or two cases, however, I have seen grey 
atrophy slowly supervene, similar in character to that met 

with in locomotor ataxy. 

INSULAR   (DISSEMINATED)   SCLEROSIS. 

Amblyopia occasionally occurs in insular sclerosis of the 
brain or cord, but very rarely goes on to complete loss of 
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sight. It is often unattended by the ophthalmoseopic signs 
of atrophy; the examination is frequently difficult on account 
of the associated nystagmus. In such cases the optic nerves 
may be found to be occupied by patches of sclerosis, similar 
to those which occur elsewhere.1 The nerve fibres passing 
through are not destroyed, their axis cylinders persist, and 
retain impaired functional power, although their medullary 
sheath may disappear. 

Occasionally, however, atrophy of the optic nerves is 
observed in this affection quite similar in its character to 
that seen in ataxy, attended by a similar loss of vision, 
progressing to complete blindness.2 Dr. S. H. Habershon 
found uniocular central scotoma, absolute for white, red and 
blue, in a case of this disease. The corresponding optic disc 
was greyish white, especially in its outer half.3 

CARIES OF THE SPINE. 

'Caries of the spine in the dorsal region is unattended by 
ocular changes. Bull4 has recorded an examination of fifty 
cases, but the changes he met with, confessedly rare, are of 
doubtful pathological character, being confined to fulness of 
the retinal vessels, and sometimes dilatation of the capillaries 
of the disc. When the caries is in the cervical region, marked 
congestion of the disc has been described. In one case under 
my own observation the discs were red, and there was much 
white tissue about the vessels, very conspicuous against the 
red disc (as in PI. I. 2), but the margins of the side were 
quite clear, and the pathological nature of the appearance 
was somewhat doubtful. Abadie5 has recorded a case in 
which atrophy of the optic nerves supervened, and attributes 
it to meningitis ascending to the base of the brain, of which, 

1 Charcot :  "Legons sur les Maladies du Systeme Nerveux," t. i. p. 206. 
2 Magnan : "Arch, de Physiologie," t. ii. p. 765. Liouville : " Meinoires 

de la Soc. de Biologie," 1868, p. 231. 
3 "Trans. Ophth. Soc," vol. ix. 1889, p. 162. 
4 " Am. Journal of Med. Science," July, 1875. 
5 " Bull, de la Soc. de Chir.," Jan. 12, 1876. 
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however, there was no other evidence. In the case of a girl, 
aged fifteen, suffering from Pott's paraplegia, who was in 
Queen Square Hospital, under the care of Dr. Buzzard 
there was well-marked optic neuritis. She had, however 
frequent severe headaches, and occasional vomiting, and the 
neuritis did not improve as the paraplegia passed away, so 
that it is possible that some intra-cranial tumour (Ptubercular) 

co-existed. 

INJURIES TO THE SPINE. 

The subject of the changes in the optic discs in spinal 
injuries has received a large amount of attention m conse- 
quence of the prominence which » railway cases' have given 
to this class of accident.    In its scientific relations the sub- 
ject has not escaped the sinister influence which litigation 
exercises on the investigation of facts, and there is no doubt 
hat  the  pathological nature of many  of the appearance 
described in these cases has been the result of an affection of 
the mind of the observer, rather than of the eye observed 
StiU.it seems well established that in some cases of spinal 
injury ocular   changes   supervene, and  the   observations of 
Clifford Allbutt especially show that they occur with greatei 
frequency the higher up the injury is    Tbe  changes ar 
those of simple congestion, congestion wi h oedema, and slight 
neuritis, uniform redness of the disc, and concealment cthe 
outlines so that the position of the disc may ultimately^b 
recognized only by the convergence of the vessels     In one 
easel « daffodil colour » was described.    Sight is a httle bu 
not much affected, and the condition, which is of sow onset 
and course (coming on some weeks after the injury)  usually 
pies  away.    A remarkable  case  of this kind has been 
described by Thorowgood.*     A girl  aged   welve,  aftei   a 
blow on the  lower  part of the back   complained  of  pam 
and tenderness at the neck, with muscular stiffness.    A week 
after this some dimness  of   sight came on and increased, 

i " Clin. Trans,," viii. 1875, p. 80. 
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198 MEDICAL   OPHTHALMOSCOPY. 

until five weeks after the blow sight was lost, and well- 
marked optic neuritis was found. Leeches and mercury 
were employed, and the discs and sight recovered completely- 

It has been supposed (especially by Mr. Wharton Jones) 
that a disturbance of the sympathetic is the cause of the 
ocular symptoms in spinal injury. In cases of actual disease 
of the sympathetic, however, no ophthalmoscopic change has 
been found (Hughlings-Jackson, Biegel, and Jolly). Clifford 
Allbutt suggests that they may be the result of " meningeal 
irritation" passing up to the base of the brain, but other 
evidence of such irritation has not been recognized. 

FUNCTIONAL   DISEASES   OF   THE   NERVOUS   SYSTEM. 

EXOPHTHALMIC   GOITRE. 

The conspicuous ocular symptoms which form part of 
Graves' disease might lead to the expectation that changes in 
the fundus oculi would be found in that affection. As a rule, 
however, it is not so. The prominence of the eyeballs does 
not lead to any alteration in the optic nerve. The retinal 
arteries participate in the general arterial dilatation, which 
occurs so uniformly in the disease, and is ascribed to a 
paralysis of the sympathetic vaso-motor fibres. The arteries 
are larger than normal, and when their course is favourable 
for their comparison with the veins, the two may be observed 
to be nearly equal in size, clearly in consequence of arterial 
dilatation. The strong pulsation which occurs in the arteries 
of the head and neck, in consequence of their dilatation and 
of the excited action of the heart, may be visible in the 
retina as a spontaneous arterial pulsation, as Becker first 
pointed out. He has found it in six out of seven cases, and 
remarks that it varies in degree, and may at times be 
unrecognizable.2 

CHOREA. 

Embolism of the central artery of the retina is an ex- 
tremely rare result of the endocarditis which is generally 
found   (post-mortem)   to be associated with the disease in 

1 "Kl. Monatsbl. f. Augenh.." Jan. 1880. 
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severe cases. Only two instances have been receded, fce 
best marked case is that of Swanzy, of Dublin. ihe 
embolism occurred at the time of the commencement of the 
chorea, and was in the left eye The chorea was most severe 
on th left side. The state of the heart 1B not mentioned 
on tne lerc ^ TCWPr but was not seen until 
The other case is recorded by .borster, «» 
some time after its occurrence.    The patient, a child  had 
suffered from chorea for some years, and during the chorea 
bad lost the sight of one eye.    The disc was atrophied, and 

the arteries very small. . , 
Slight optic neuritis is not very uncommon m chorea, and 

now   -d  then  neuritis  of   considerable^intens^r»,  se n 
although seldom in the degree comparable to that usually 
met with, for instance, in cerebral tumour.    I have twice, 
"weTr,  seen this latter intensity attained.    In each case 
the patient was a girl of seventeen  or eighteen year, and 
in each the neuritis passed away completely as the chorea 
subsided    These cases give significance to the slighter forms 
In  hese'the edge of thf disc is decidedly blurred, sometimes 
only   n   ne sid'e, sometimes all round, although not often   o 
su h an extent as to prevent its position being recognized in 
b   in&ect method of examination.    To the direc   method 
the  edge  of the  nasal side is obscured, necessarily.    The 
well nl is slight, the physiological cup seldom encroached 

uTon -d hemorrhages absent.    In all the cases m^which I 

nave met with it, there has been a ™^}^**™£ 
bypermetropia: this fact would lessen the significance of the 
neuritis in regard to the chorea, were it not that the aspect 
ofl   disc, in every case that I have seen, has become normal 
Jht The eborea has subsided.    The fluency with wh.h 
Inch an appearance is met with is difficult to ascertain,   ma 

i " OpMh. Hosp. Kep.," vm. 181. 
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200 MEDICAL   OPHTHALMOSCOPY. 

hyperoemic, badly margined, the veins large and irregular. 
The change was most marked in the left eye. The appear- 
ance increased with the chorea, and disappeared with 
recovery. Bouchut has figured white exudation on and 
about the disc in a case of a third attack of severe chorea. 
In one case which came under my observation there was 
also kidney disease, and ulcerative endocarditis, and slight 
retinal haemorrhages were also present, so that it is certain 
that the neuritis could not be ascribed wholly to the cerebral 
affection. 

NEURALGIA AND MIGRAINE. 

Occasionally atrophy of the optic nerve has been observed 
in cases of severe unilateral neuralgia of the fifth nerve.    Its 
origin is  obscure.    Temporary  amaurosis,  supposed  to  be 
"reflex,"   is  more   common.    The   transient   disturbances 
of  sight,   temporary   amaurosis,    hemianopia,   &c,   which 
accompany  migraine,   are  well   known.    In  a  girl,   aged 
eighteen, blindness of the left eye occurred after some days 
of migrainous pain.    The ophthalmoscopic appearances were 
normal; vision was qualitative only, and the pupil did not 
react to light.    Treatment was without effect for fifty days; 
then chloral and quinine were given, and slight improvement 
took place, probably not due to the treatment.    The slow 
improvement of vision went on, and the sight became good, 
although the progress was interrupted by slight relapses due 
to changes of weather and mental excitement. 

_ Of greatest importance, however, are the attacks of loss of 
sight lasting for a few hours or a day or two, occasionaUy 
observed  in the subjects of migraine, apart from attacks of 
headache,  and  at  other  times,  in   association   with  pain. 
This transient failure of sight sometimes remains permanent 
always in one eye only.    The ophthalmoscopical appearances 
in  such cases are those of occlusion of the central artery. 
The state  is usually ascribed to embolism, but it is more 
likely  thrombosis.     Galezowski1   has   recorded   three   such 

10L"R? d'°PhthmaI->" Jan- 1882. See also Rampoldi, "Ann. di Ottalmo. " 
1882. A case recently described by Doyne was probably of this nature, 
lliere had been two attacks of transient blindness of one eye, in the last of 
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cases without heart disease, also one » 7j^ .f"7 "^ 
oceurred in one eye, and another in winch failure of s gh 
after  an  attack  of   migraine   was   attended  by   signs  o 

neuro-retinitis, with small ^^^^.^^2 
some minute vessels.    Now and then atrophy of the optic 
Tve has been observed to  follow repeated  attacks, and 
Z hinson has associated the three symptoms of migrame, 
amaurosis   and xanthelasma.    Glaucoma is sometimes ob- 
ZZl in' cases   in   which  there   has  been  long-standing 
Habmty to unilateral neuralgia of the fifth nerve.    It has 
been proved that irritation of the fifth nerve may increase 

the intra-ocular tension.1 

IDIOPATHIC EPILEPSY. 

Inter-parozysmal State.-T* idiopathic epilepsy the appear- 
ance of the fundus oculi between the paroxysms is, as a rule 
normal.    Some observers have described changes m the optic 
Scs, and increased vascularity, distended retina  vessels, and 
Zke     I have examined very carefully about a thousand 
epileptics, and have found that in most cases every character 
of  the fundus was such as is  presented by persons not 
epileptic.    Now and then an unduly red disc is to be seen, 
but not more frequently than in persons not epileptic, anin 
most cases it is explicable by the ocular ^^on^V^ 
too little attended to in medical ophthalmoscopy.    The only 
deviation from the normal state of the fundus which has 
seemed to me frequent, is an unusual equality m size oi 
he retinal arteries  and veins.     The  latter  are not, as a 

rule,   larger  than  normal,   and the arteries   appear  as   ii 
We from a lax state  of wall.    Spontaneous pulsaton m 
he veins has been described by Kostl and Niemetschek 

as   especially frequent in epileptics:   it   is   certainly  not 

,   lf „f +i1P rptma was found to be oedematous.    The ascend- 

the field remained defective after several months.-   Tians. Ophth. hoc, 

"I' ffippeUnd Griinhagen :  « Arch. f. Ophth.," vols. xiv. and xvi. 
2 "Prager Vierteljahreschr.," vols. cvi. and cvn. 
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202 MEDICAL   OPHTHALMOSCOPY. 

more frequent in them than  in   individuals   who  are   not 
epileptic. 

During the paroxysm the appearance of the fundus has 
been described variously by different observers. For obvious 
reasons, the difficulties in the examination are great, and 
opportunities are rare. The only change which seems well 
established, is that the retinal veins, during the stage of 
lividity, become much distended. Regarding the state of 
ihe arteries, there is considerable doubt. On theoretical 
grounds, because contraction of the cerebral arteries is 
supposed to be the immediate cause of a fit, it has been 
expected that contraction of the retinal arteries would also 
be seen, and De Wecker has described a sensible diminution 
in the size of the arteries during the pallor, but Kostl and 
Niemetschek thought that they recognized in one case 
dilatation of the arteries during an attack. Observation, 
however, of the size of the vessels by the indirect method, is 
of small value. 

In a case of convulsions from meningeal haemorrhage, in 
which there was, however, no initial pallor of face, and also 
in a case of severe one-sided fits, I have been able to keep 
a retinal artery and vein under (direct) view through the 
whole of a severe fit, from before its commencement until 
after its close.    In neither case did the retinal artery present 
the slightest change in size.    During the stage of lividity, 
the vein became large and dark.    In a case of chronic local 
meningitis  of   the   motor  region  of   the  left  hemisphere 
(Case 2), by galvanizing the region of the cervical sympa- 
thetic, I was able to produce the aura with which the fits 
commenced,  and once  watched the retinal  vessels by the 
direct method during the operation, but no change in their 
calibre was to be observed, although the aura was so intense 
as  almost  to  pass into a fit.     Clifford Allbutt,  during a 
fit, has observed  pallor  of  the  discs, and  a similar  con- 
dition has been seen by Hughlings-Jackson and Arlidge,1 

immediately after a fit, in several cases.    During an attack 
of  epileptiform amaurosis,  Dr. Jackson failed to see any 

1  " West Riding Asylum Reports," vol. i. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



1DI0PATHIC  EPILEPSY. 203 

change in the fundus which he was at the fame comparing 
with a drawing of it.   After a second attack the veins appeared 
I little paler than  beW    I have repeatedly examined 
pa ents immediately after fits, hut without being able to 
^myself that tLre was any difference from the appear- 
ance of the disc and vessels at other time.    It - J^le th   , 
as Knies* has suggested, changes in the size of   he vessels 

metimes described, may be due to a sudden alteration in 
the intra-ocular pressure from changes m the, accommodW 

In cases of epilepsy in which the fits were ^e*\C1f °'d 

Allbutt has seen  hypereemia of the discs, and even   some 
tudat on into  them      As  a rule,  my  own  observations 
have grven quite negative results.    In  one case, however 
I met with marked changes in the discs, developed unde 
oblation during a series of exceedingly severe convulsive 
stacks  recurring at short intervals for several days,    lne 
plifnt  was  a y'oung  man,  and  the  convulsions were J 
hysteroid type-paroxysms of strugg mg, archmg of Uek 
throwing about of head and limbs, so intense that  hejnited 
strength of three or four- persons was required to keep the 
man in bed.    They were accompanied by loss of conscious- 
I    B omide and other remedies produced no effect and 
^convulsions continued unabated until ice ^phedto 
the cervical spine, when the attacks at once ceased     lne 
ptic discs, after some days of convulsion, bec^e reddened 

and veiled, so that their edges were quite invisible and there 
was distinct swelling.    Afterthe cessation othe ttthed.es 
gradually resumed their normal appearance,    lhis patient, 
SSS» -nths later, died, after a series of true epdep£ 
form convulsions beginning m the left hand.    Post mortem 
no  trace of  disease was visible m the brain to naked-eye 

eTmStnbe expected that the retinal vessels would often 

Rive way during the violent venous stasis of an *0f>** 
fult as do those of the conjunctiva. As already stated, retinal 
Worrhage is rarely observed under the circumstances, no 
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doubt on account of the support afforded to the walls of the 
vessels by the intra-ocular tension. 

It must be remembered that many cases of apparently 
idiopathic epilepsy may present traces of old optic neuritis 
or choroiditis—indicative, the former certainly, the latter 
probably, that the convulsions originated in organic brain 
disease; the choroiditis indicating former syphilis. Traces of 
old optic neuritis are especially common in cases of epilepsy 
due to blows on the head. It must also be remembered that 
chronic convulsions resembling idiopathic epilepsy may occur 
m the subjects of lead-poisoning and chronic renal disease, in 
each of which optic papillitis may be present. 

HYSTE RIA. 

Although functional disturbances of sight (single or double 
amblyopia, hemianopia, colour-blindness, often with pain on 
use of the eyes), occur occasionally in the hysterical, ophthal- 
moscopic changes are very rare. Atrophy of the optic nerve 
has been met with in one or two cases, but was probably an 
accidental coincidence; or there may have been co-existent 
organic disease, such as disseminated cerebro-spinal sclerosis, 
underlying the manifestations of hysteria. When there is 
extreme amblyopia, dilatation of vessels and serous transuda- 
tion into the retina have been seen by Landolt. The chronic 
perineuritis described by Gralezowski in one case must be 
regarded as altogether exceptional. In hystero-epilepsy 
also there are, as a rule, no ophthalmoscopic changes, but 
after extremely severe and repeated fits, slight alteration 
may be met with, as in the case described in the section 
on "Epilepsy." 

INSANITY. 

The frequency with which pathological appearances are to 
be recognized with the ophthalmoscope in cases of insanity 
has been very variously stated.    The discrepancy between 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



INSANITY. 205 

observers is so great, that it seems certain undue weight has 
^e n given by some to appearances which are not uncommon 
in normal conditions.    In fact the ophthalmoscope appear- 
ancesin the insane seem, for some reason, to be a favourite 
^   ct for observers whose   experience of  normal eyes  is 
nsufficient to enable them to estimate the sigmficance of the 
Ippelnces seen.    The observations in which changes were 
found in a large  proportion of the  cases  ™ned  must 
therefore be   received with  considerable reserve.     As  an 
nlnce of the different conclusions which have been reached 
Tay be cited the observations of Tebaldi* who found^ang. 
in three-fourths of the cases   examined; and °f   Schmidt 
Eimpler,* who  found changes only in thirteen out of 128 
fa^s   and some of the thirteen he considered as doubtful 
An venmore striking instance of this discrepancy is afforded 
by two observers of the appearances m general paralyse.one 
i whom described atrophy as existing in eight out of every 
nine cases examined, while the other found hype— in 

^rrSSS; in estimating the significance of 
thfc^ derable changes sometimes found, that the cases of 
"organo» brain disease, tumour, softening, chronic menin- 
gitis! and the like, in which mental disturbance is prominent, 

occasionally find their way into asylums. 

GENEKAL  PABALYSIS  o*   THE iNSANE.-This disease   is 
mol closely allied to some spinal  degenerations than to 
X form   of mental derangement.    Unequivocal changes 
in the eve have been found  much more  frequently than 
n Iny other form of insanity.    Loss  of   sight  has  been 

Tnown    Le  the time of Oalmeil as  an  occasW com- 
mon; but in a considerable degree  *» £J    Mod 
rmterl complete blindness m only tnree oui oi -± 
The los of sight has been proved to depend on grey atrophy 
of the optic nerves, similar to that which occurs m spinal 

n  r.  S74 from tlie " Eivista Cliniea, 
i NageVs " Jahresbencht,   18/0, p. A *, nom 
• "Ann. d'Oculiflt.," vol. lxxiv. 1875, p. 26/. 
a "Ann. Med.-Psychologiques," 1863. 

' 1870. 
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disease. The retinal vessels have been normal in size or 
narrowed (Magnan). In its slighter degrees, it affects one 
eye more than the other, and its occurrence may easily be 
overlooked unless the ophthalmoscope is used. Even in 
slight degree it is not a very frequent symptom. Gralezowski 
found it in one only of forty cases examined.1 Boy, of 
eighty cases very carefully examined, found commencing 
atrophy, with amblyopia, in four only.2 Jehn found distinct 
atrophy in seven cases out of forty-seven : in four double, in 
three single.3 

As in locomotor ataxy, it may be an early event, and may 
even precede the other symptoms of the disease. Magnan 
has observed the affection of sight to commence two and four 
years before the other symptoms of general paralysis. In a 
case recorded by Nettleship, grey-white atrophy of the disc, 
in a man aged thirty-five, with slight unsteadiness of gait, 
was followed, nine months after the onset of the amblyopia, 
by mental symptoms which developed into general paralysis.4 

Mr. Nettleship has informed me that he has since seen three 
or four similar cases. 

It is said by Jehn and Boy that the amblyopia commences 
with defective colour-vision, just as it may do in locomotor 
ataxy. As another point of contact between the two diseases, 
it is of interest to note that Westphal has shown that sclerosis 
of the posterior or lateral columns of the cord is occasionally 
found in general paralysis. It has not yet been ascertained 
whether atrophy of the optic nerves is especially common in 
such cases. 

Magnan5 has found after death the optic nerves grey in 
colour and sometimes reduced to a third of their volume, and 
the chiasma and optic tracts also atrophied. The medullary 
sheaths of the nerve fibres had disappeared; the walls of the 
vessels were thickened and covered with nuclei.   The changes 

1 "L'Union Med.," vol. xxxi. 1866, p. 404. 
2 "These de Paris," 1879. 
3 "Allg. Zeit. f. Psych," xxx. 519. 
4 "Ophth. Hosp. Rep.," vol. ix. p. 178 
B Quoted  by  Robin :   " Des  Troubles  Oculaires   dans   les  Maladies  de 

l'Encephale," p. 330, 1880. 
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we most marked in the circumferential part of the nerve, 
™ ng rise to a zone of sclerosis from which thick connective- 
STue septa extended into the central par of the nerve 
1 mitingfrregular spaces containing degenerated nerve fibre, 
Zgnan found analogous changes in the motor nerves to he 
eveball He regards the process as starting from the walls 
Sfhf vessels, and as part of a general change in the central 
nervous system, commencing in the superficial layers 
Z atropW usually begins as such in the simple form 

but Magnan and Clifford AUbutt have described an initial 
tage of hypereemia-uniform redness of the optic discs with 

softened edges.   Leber and other observers have failed to find 
h       Well marked papillitis was found by Boy in one case^ 
and in another he observed small hemorrhages along a few 
of the veins.    Neuritis was also seen in one case by Jehn^ 
«• Peripapillary oedema,"   a   "brownish   circle   around .the 
papilla,'- was observed in some cases by Magnan and Gale- 
zowski     Uhthoff found distinct hypercemia and opacity of 
hlpapillain a case in which sight had failed m one eye 

for six'weeks only, and was reduced to * with  concen nc 
imitation   of   the   fields  for   white   and  colours      Voism 

Scribed an undue tortuosity and dilatation of the retina 
arteries, while by Magnan and others a grey or white line 
1  ng the vessell was frequently observed.    Jehn described 
I arteries as of very small size in some cases     Bouchu has 
Wed aneurisms of the branches of the central artery from 
two general paralytics.    Most of the cases I have^examined 
n various stages of the disease presented perfectly normal 
conditions.    In one case only was there the appearance of 

simple congestion of the disc. 

MAN1A._During a paroxysm, Clifford AUbutt in one case 
found  pale   discs ;   in  others   the   discs  were   hype™ 
Noyes* described hypenemia in fourteen and — « 
out  of twenty-six cases.    Dr. Savage, formerly of Bethlem 

i The nature of this appearance is questionable, 
pale halo around the disc as in PI. I. 3. 

a "American Journal of Insanity," 1872. 

(Edema usually causes a 

! 
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208 MEDICAL   0PHTHALM0SC0PY. 

Hospital, has informed me that he has noted pallor of the 
discs in some cases, and in others undue fulness of retinal 
veins, but no other change. Of several cases I have ex- 
amined, in one only was there a pathological appearance, 
undue and uniform redness of the discs, with distinctly 
softened edge. 

MELANCHOLIA.—Most observers have reported the ophthal- 
moscopic appearances in melancholia to be normal, and with 
this my own observations entirely agree. Jehn, however, 
described hypersemia in some of forty cases examined, and in 
two there was actual neuritis, which he supposes to be due to 
meningitis. Neither in mania nor melancholia has Magnan1 

found any change worthy of note. 

DEMENTIA.—In chronic dementia, Dr. Clifford Allbutt, 
classing "worn out lunatics of all sorts" in the category, 
found changes in twenty-three cases out of thirty-eight— 
in some atrophy, in others hypereemia. Noyes found hyper- 
asmia in two-thirds of the cases examined, atrophy in none. 
Jehn and Klein could find no change in the discs in any 
cases examined. 

In acute dementia Clifford Allbutt found no change. 
" Anaemia of the fundus" with " oedema of the retina 
around the disc " have been described by Aldridge.'2 

DISEASES  OF THE  URINARY SYSTEM. 

BRIGHT'S DISEASE. 

In all forms of renal disease loss of sight from urgemic 
poisoning may occur.3 Its characteristics are the sudden 
onset, completeness, the usual absence of ophthalmoscopic 
changes, excepting such as may have before existed, the 
preservation of the reaction of the pupil, and the quick dis- 

1 Quoted by Robin, loc. cit. p, 287. 
2 West Riding Asylum Reports," vol. iii. 
3 The association of transient amaurosia with dropsy  after scarlet fever 

was noted in 1812 by Wells ("Transactions of a Society for the Improvement 
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BRIGHT'S DISEASE. 209 

appearance of the symptom when the mood-state is relieved 

loy purgation or diaphoresis. 
To the almost invariable  rule that the ophthalmoscope 

appearances are unaffected by uremia, a few exceptions have 
been recorded.    Thus, in a case of uroemic amaurosis, slight 
oedema  of the  papilla,   passing   away with the return of 
sight, in the course of a few hours, was observed by Dobro- 
wolsky.1     Again, Litten2 has recorded a case of granular 
kidney  in which frequent ursemic  attacks  occurred   with 
coma, convulsions, and vomiting.    Characteristic albuminuric 
retinitis was present, and a considerable amount of oedema of 
the papilla, causing swelling  and  peripapillary cloudiness. 
During each attack of uraemic symptoms the swelling of the 
papilla and the adjacent opacity increased,  and the veins 
became  more  tortuous.     After  the  attack  was  over,  the 
changes resumed their usual degree. 

In diseases of the kidney of considerable duration, 
the vessels of the retina may present changes which they 
undergo in common with the vascular system of the body 
generally. The tendency to haemorrhage which exists in 
so marked a degree in many cases of chronic Bright's 
disease may lead to simple retinal haemorrhage. Lastly, 
considerable changes are often seen in the retina, which 
vary greatly in different cases, and are commonly described 
by the general, but not very accurate, term of " retinitis 

albuminurica." 
Vessels.—According to my own observations,3 m some 

cases of chronic renal disease, especially of the granular 
form, there is to be seen a notable diminution in size of the 
retinal arteries, independently of the existence of any special 

of Medical and Chirurgical Knowledge," vol. iii.). The first observation 
of actual changes in the retina was made (post-mortem) by Turck in I80O 
I" Zeitschrift der Wiener Aerzte," No. 4, 1850). The microscopical changes 
were first carefully studied by Zencker ("Arch, fiir Ophth., ' ii. 142) and 
Virchow ("Arch, fur Path. Anat," x. 1856, p. 178). 

1 " Klin. Monatsbl. fiir Augenlieilk.," March, 1881, p. 121. 
2 "Charite Annalen," 1879, p. 169. 
3 " British Medical Journal," December 9, 1876. 
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retinal disease. The veins are in such cases not larger than 
the normal, but the arteries are not more than one-half or 
even one-third the diameter of the veins (PI. IX. 2), instead 
of being two-thirds or three-quarters the diameter. The 
comparison can only be made, as already stated (p. 9), 
between arteries and veins which run side by side and 
correspond in distribution. Sometimes the arteries can be 
seen, even by the direct examination, as lines only (PL IX. 
4.) I have only observed this, however, when papillary 
obstruction co-existed. The size of the arteries may then 
be less than is ever seen in simple papillitic obstruction 
without Bright's disease. Very often, when slight swelling 
of the retina co-exists, the arteries are invisible beyond the 
papilla (PI. IX. 3, X. 1), due in part, I believe/to their 
extremely small size. When this reduction in size exists 
the pulse usually presents marked incompressibility. A re- 
duction in size, in one case of acute passing into chronic 
Bright's disease, was observed to coincide with a very marked 
increase in the tension of the pulse. The contraction is not 
visible, however, in all cases in which the arteries are tense. 
In the absence of any cause for the reduction, it must be 
ascribed to arteriole contraction, and constitutes evidence of 
some weight in support of the view of Dr. G-. Johnson, that 
such contraction exists, and causes the hypertrophy of the 
muscular coat of the artery. It is, as just stated, to be seen, 
in some cases, independently of any retinal disease, but is not 
invariable even when the tension of the pulse is very high. 
This may in some cases be due to degenerative changes in 
the walls of the vessels, as in PI. XII. 1, in which no con- 
traction can be perceived. 

According to Brailey and Edmunds,* the walls of the retinal 
arteries are constantly altered in chronic Bright's disease, 
even when no abnormal appearances can be seen with the 
ophthalmoscope. The thickening consists of a growth of 
tissue which is especially situated between the endothelium 
and the rest of the interna. It may progress even to the 
obliteration of vessels. 

i it Trans. Ophth. Soc," vol. i. p. 44. 
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BRIGHT'S DISEASE. 211 

When the retina is diseased, conspicuous white lines are 
sometimes seen along its vessels, apparently due to a 
sclerosis of the outer coat. I am not aware that this con- 
dition has heen ohserved in any case in which the retina 
was otherwise normal. The remarkahle appearance shown 
in PI XII 1 presents, however, a still more extreme con- 
dition of perivascular change. The arteries are,_ m part, 
concealed hy a white opaque sheath, ceasing m places 
suddenly, and presenting the normal vessel emerging from 

the sheath. 
In the same fundus one artery presented two small aneu- 

rismal dilatations-an interesting evidence of the vascular 
degeneration which is a well-known consequence of chronic 

renal disease. , 
In the retinal capillaries irregular dilatations may be 

found, especially in cases of retinal degeneration, as in 
Fig 68 p 218. In this figure an increase of the nuclei 
of the capillary wall is seen in places, thickening it. It is 
probable that the degeneration of such nuclei, and the 
formation of such aneurismal dilatations, are the conditions 
which lead to haemorrhages, which were  numerous in this 

■case (PI. X. 1). 
Hemorrhages form, as will be immediately described   a 

conspicuous feature of most cases of retinal disease in albu- 
minuria.    Their common seat is the  nerve-fibre layer   in 
which they are striated and flame-shaped, and often follow 
the course of the vessels.    Less commonly they may occur m 
other layers, and are then rounded and irregular.    They may 
detach the retina from the choroid or burst through into the 
vitreous     They sometimes occur, however, apart from other 
retinal changes, as isolated evidence  of the l»hagic 
tendency.    An instance of this is shown in PI. IX 1     lhe 
retina which presented this extravasation, even up to the time 
of the patient's death, several months later, showed no sign 
of other changes.    The haemorrhages are probably due to 
the weakening of the wall of the minute vessels (by such 
changes as have been just described), and to the increased 
intra-vascular tension, causes which are the same as tnose 
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> 

which  give  rise  to  the  extravasation   into   the   brain,   so 
common in the same cases. 

" ALBUMINURIC BETINITIS."—The special retinal alterations 
which occur in renal disease are perhaps the most frequent 
ocular changes to come under the notice of the physician. 
They are met with only in chronic forms of renal disease— 
those which are chronic from the beginning, or which are 
chronic as resulting from an acute attack. They have 
been met with in most chronic forms of kidney disease— 
granular kidneys, large white kidney, sequential to an 
acute attack, and lardaceous kidney. They are by far the 
most common in the granular form, and least common 
in the lardaceous kidney.1 The tendency to their occur- 
rence is said to bear some relation to the amount of albu- 
men in the urine. 

Both eyes are almost invariably affected. Yvert, how- 
ever, records a case2 in which recovery took place, where the 
left eye only was affected. The appearances were quite 
characteristic, with numerous haemorrhages. The intensity 
of the changes varied with the amount of the albumen. A 
subsequent post-mortem showed that the left kidney only 
existed, and that that was diseased. Yvert assumes the 
influence of reflex nervous impressions as well as of blood- 
states, and quotes several cases in which a blow on one 
lumbar region caused anasarca, limited to, or greater on, 
that side. This view receives some support from a case 
of Eales',3 the sight of whose left eye failed the day 
after an injury to his left lumbar region. Three weeks 
later there were white spots near the macula, along with 
yellowish exudation round the disc, and slight papillitis. 
The albumen gradually disappeared, and the eye became 
perfectly normal. 

1 It  has  been  said   that retinal   changes do not occur  with  lardaceous 
disease of the kidney.    Cases have, however, been recorded by Beckmann 
Traube,   Alexander,   Argyll Robertson, and Bull,   and   one case  has  come 
under my own observation. 

- "Bee.  d'Ophthal.," 1883, p. 145. 
3 "Trans. Ophth. Soc," 1885, p.  126. 
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The frequency of retinal changes has been variously stated. 
Published statistics vary between 7 and 33 per cent,   -hales 
in 100 cases of chronic disease, found retinal changes m 28, 
or 1 in 3k and this probably represents approximately the 
frequency with which they are met with.    The variation m 
the estimated frequency is doubtless due mainly to the rela- 
tion of retinal changes to the duration of the disease.    Only 
after the kidney disease has been exerting its influence on 
the system for a considerable time, do these changes occur. 
They commonly correspond in time with the developmentof 
cardiac hypertrophy.    This led Traube to  assert that   h 
hypertrophy of the heart is the cause of the affection o   the 
retina     But the latter may be found in rare cases, without 
the former.*    It is not probable that there is any necessary 
connection between the retinal and the cardiac change other 
than that both indicate   a pronounced and prolonged effe 
of the renal disease upon the system.    It is indeed well 
known that the renal disease is often first ascertained by the 
discovery of the existence of the ocular change, but this is 
not opposed to the fact just stated, since the retinal disease is 
only the earliest discovered symptom in those cases in which 
the renal affection has been insidious in its onset, and has 
existed for a long time, and reached an advanced stage, before 
its svmptoms obtrude themselves upon the patient s notice. 

It has been suggested that the retinal changes may some- 
times precede the onset of the renal affection, but all observed 
facts concur in showing that the relation above described is 
the invariable one, that renal disease, usually with more or 
less albuminuria, precedes the retinal affection.     The only 
cases in which the retinal changes precede the albuminuria are 
rare examples of granular kidney disease, in which albumen 
is absent from the urine until a late stage of  the  renal 
affection, as in the case of a lady, aged fifty-seven, suffering 
fromhemiplegia, who came to me with perfectly characteristic 
degenerative albuminuric retinitis in each eye.     She  had 
hypertrophy of the heart, with strong aortic second sound 

' Birmingham Medical Review, 
2 Cf. Litten, loc. cit. 

Jan. 1880, p. 34. 
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and high-tension pulse. Repeated careful examination of 
the urine, however, failed to reveal a trace of albumen, and 
the specific gravity was not low. There was a family history 
of rheumatic (?) gout, and of apoplexy. Two cases are also 
recorded by Abadie.    In one of them there was polyuria.1 

The retinal changes, as a rule, occur only in cases of 
organic disease of the kidney. In forms of functional albu- 
minuria they have not been observed, with the exception of 
some cases recorded by Eales.2 Of 14 cases of young men 
between eleven and twenty-eight suffering from what was 
believed to be temporary functional albuminuria, he found 
retinal changes in 5, white specks in 4, white patches in 1. 
This observation affords support, as he points out, to the 
view that, in ordinary Bright's disease, the retinal changes 
are due to the morbid state of the blood. 

The retinal disease presents certain elements which are 
variously combined in different cases. These are—(1) diffuse 
slight opacity and swelling of the retina, due to oedema of 
its substance ; (2) white spots and patches of various size and 
distribution, due for the most part to degenerative processes; 
(3) haemorrhages; (4) inflammation of the intra-ocular end of 
the optic nerve; (5) the subsidence of inflammatory changes 
may be attended with signs of atrophy of the retina and nerve. 

In most cases one or other of these changes predominates, 
especially in the early stage of the affection, and, according 
to the element most conspicuous, four types of disease may 
be distinguished. These are—the degenerative, the haemor- 
rhagic, the inflammatory, and the neuritic, according as white 
spots of degeneration, extravasations of blood, parenchyma- 
tous retinal inflammation, or inflammation limited to the 
optic nerve, predominate. It is, however, to be observed 
that degeneration and haemorrhage commonly accompany 
or succeed the inflammatory changes, and that forms are 
often seen combining the characters of these varieties. In 
the typical degenerative and hsemorrhagic forms the signs of 
inflammation are inconspicuous or subordinate. 

1 "La Union Medicale," 1882, p. 627. 
2 Loc. cit.    The nature of the cases is open to some question. 
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j}      /x>i  "nr  9> i a the most common.    It The degenerative form (PI. 1A. ^ is tnem 
1W without sisrns of  inflammation,  by the 

ZZZ 7^11 wh^h Jots on the snbstance of the 
SIX limes near the optic nerve entrance   somet^e 

at a distance.    They are commonly at first «*^^ 
rounded, and as they get larger become irregu^J™ 
mllv small very white spots, often punctiform or elongated 
"Ike thX appearance around the macnla Intea   arranged 
Tarlting" manner, although fluently not   ormin*a 

complete circle.    These are sometimes so ^V^T 
only visible on careful direct examination; "^£** 

SS^^^V-^* SL her^nd less intense and diffuse opacity * visible m tootato^and 
there. Sometimes the larger spots coalesce mto white areas, 

which may surround the disc. 

FlG   67 _THE RETINAL CHANGES IN ALBUMINUKIA. 

A fan-shaped group of white spots jgttjft- the macula lutea ; small 
arteries ; slight papilUtis. 

! 
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it Haemorrhages,    almost    constant    in   all   varieties,   are 
slightest in the  most  chronic  degenerative  forms.     They 
often are adjacent to the white spots due to  the  changes 
in the nerve fibres, and, lying  for  the most part in the 
nerve-fibre layer, they have a more or less striated arrange- 
ment,   determined  by  the  nerve  fibres,  the   direction   of 
which  the striae   follow.     Sometimes   linear   haemorrhages 
are seen.     When larger,  the  extravasations  are   more  or 
less flame-shaped.    When small, they often lie adjacent and 
parallel to vessels, but it is not often that the vessel from 
which they originate can be traced.     When large they may 
be irregular in shape  and occupy the deeper layers of the 
retina. 

The diffuse opacity already described is sometimes con- 
siderable and accompanied by a little swelling here and 
there. Such a change is, however, rarely well marked in the 
form which begins with simple degeneration. 

The retinal changes in this form may be considerable 
without any alteration in the optic disc. Often, however, its 
edges become blurred, the physiological cup indistinct, and 
the tint abnormal, reddish-grey. 

In two patients suffering from lardaceous degeneration 
Bull3 observed the whole retina to present a uniform whitish 
infiltration, with numerous haemorrhages. He suggests that 
the appearance may have been due to lardaceous degenera- 
tion of the retina. 

In the Iwmorrhagic form, the conspicuous change is the 
occurrence of a large number of haemorrhages, with but little 
degenerative change and but slight signs of inflammation of 
disc or retina. Commonly, especially after a time, there is 
more or less degeneration adjacent to the haemorrhages, and 
traces of the halo of spots around the macula are rarely 
absent. The haemorrhages, for the most part, resemble those 
just described, differing only in their number, size, and 
predominance. 

In the  inflammatory form (PL X. 1) there is a general 
parenchymatous swelling of the retina with complete obscu- 

1 "American Journal of Med. Science," Oct. 1879. 
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ration of the disc.    The vessels are concealed, the arteries 
especially.    The veins are distended, and sometimes have an 
extremely irregular and tortuous course over the fundus ; the 
arteries are narrow.    Hemorrhages invariahly occur m con- 
siderable number, and are often large and striated.    White 
spots are commonly numerous, and more or less uniform in 
character, especially in the acute cases, in which they are 
large, rounded (as in the figure), and soft-edged.    In these 
cases there is rapid degeneration of the tissue elements, and 
abundant infiltration with lymphoid cells.    If the inflamma- 
tion subsides, the signs of degeneration may become more 
predominant, and the optic nerve may present evidence of 
secondary atrophy.    I believe, however, that it is rare for 
any subsidence of this form to occur, because it is confined to 
cases in which the effect of the renal disease on the system is 
intense, and usually soon leads to death. 

Neuritic Form (PI. IX. 2, 3, 4).-In some cases the inflam- 
mation of the optic nerve predominates over the other retinal 
changes to such an extent that it may appear to be the only 
alteration,  and may  present  nearly the  aspect   which is 
common in intra-cranial disease.     The edges of the disc are 
veiled under a greyish-red swelling, of moderate prominence, 
which may extend a little distance beyond the normal edges 
of the disc.    The prominence may be slight, or such that 
the  veins  form  conspicuous curves  over the  sides. _   The 
arteries  are  usually  narrow,  and  often  concealed  m  the 
swelling;  even the  veins may be  concealed.    On   direct 
examination  it  is  generally conspicuously striated.     fre- 
quently, on   the   surface   of   the   swelling,   or  apparently 
beneath its surface, there is a conspicuous white reflection 
in   certain   spots   (PL   IX.  2),  most distinct   on  oblique 
illumination.    Occasionally on  the surface of the_ swollen 
papilla may be very minute white dots (just recognizable m 

PI. IX. 3). 
A careful examination will show, m almost all cases, signs 

of slight retinal degeneration, sometimes so slight as to 
require close attention and careful focussing by the direct 
method to detect them.    Sometimes, as m PI. IX. 2, there 

T. 
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FIG. 68.—SECTION THROUGH RE- 

TINA IN A CASE OF ACUTE 

ALBUMINURIC RETINITIS. 

The section passes through one 
of the white spots near the 
disc, shown in PL X. 1. The 
retina is greatly thickened, 
mainly from changes in the 
nerve-fibre layer (a a'), where 
numerous granular bodies are 
seen (such as are shown more 
magnified in Fig. 69). Capil- 
laries are dilated, with con- 
spicuous alterations in their 
walls ; one of them (near right 
edge of figure) presents a series of 
aneurismal dilatations ( x 180). 

are one or two white spots in 
the retina, near the neuritic 
swelling. At others, as in PL 
IX. 3, 4, minute white spots 
are to be detected near the 
macula lutea. Frequently small 
haemorrhages are to be seen 
somewhere about the fundus 
(PL IX. 4). It is remarkable 
that there   is  little  tendency 

FIG. 69. 

PRODUCTS OF DEGENERATION FROM 

A   WHITE   PATCH 'IS   A    CASE 

OF     ALBUMINURIC      RETINITIS. 

(x   250.) 

FIG. 70. 

DEGENERATED FIBRES  OF MULLER 

FROM  A  CASE  OF ALBUMINURIC 

RETINITIS. 

Swelling of the  ends  of the fibres, 
and rows of fatty granules due to 
degeneration.    ( x   250.) 
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for hemorrhages to occur in the swollen papdla in this form 
If the neuritif suhsides, a condition of conseoutxve atrophy 
may he left-a filled-in disc, greyish, wrth paler hues along 
^vessels, and often extremely small arteries.    Such a con- 

^TcTi-T^e  severed white sp^epend 

isolated as large fat-containing spheres, whmh w^th free 

glohules of fatty matters, are found ^^^^ 
Lpical examination of recent specimens (Figs 69, 70 , 
and are very conspicuous in a surface view <F*'7}>- 
The degeneration "occurs also, and -met.mes «7 
in   the   deeper   layers,    which   may   also   he   infiltrated 

FIG 
71,-SURFAOE VIEW OF A WHITE SPOT ON THE RETINA IN 

ALBUMINITKIC EETINITIS. 

globules.    (After Pagenstecher and Genth.) 
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with the "compound granule cells." Degeneration of 
other retinal elements, round corpuscles, and vertical fibres 
of Miiller may sometimes be found. The latter are swollen 
and contain minute oil globules (Fig. 70). When swollen 
they have an undue refraction, and have been said, rather 
unnecessarily, to be " sclerosed." It is to the position of 
these that the stellate zone of spots around the macula is 
mainly due. The fibres here have a less vertical direction, 
radiating from the fovea centralis, and the degeneration of 
these fibres and the grouping by them of the degeneration 
of other retinal elements produces the radiating group of 
spots, most conspicuous near the margin of the fovea, where 
the fibres become placed more closely together. The diffuse 
opacity of the retina is in part due to oedema. The elements 
of the nerve-fibre layer may be separated by clear spaces, 
and similar spaces may form in the ganglion-cell layer, in 
the molecular and even in the nuclear layers. In this con- 
dition the ganglion cells often fall out of the section (Fig. 72). 
The diffuse opacity is also partly due to an infiltration of 
the retinal interspaces with a coagulable fluid, which, after 
hardening processes, presents an appearance of interlacing 
fibrilLne with granules at their points of intersection. This 
may occupy large areas, as in  Fig.  68,   especially in  the 

FIG, 72.—SECTION THROUGH THE RETINA, SOME DISTANCE FROM THE 

DISC, IN A CASE OF ALBUMINURIC  RETINITIS, SHOWING  (EDEMA. 

The nerve-fibre layer (a) is normal, but in the nerve-cell layer {b) the gang- 
lion-cells have fallen out, owing to the formation of spaces round them 
in consequence of the oedema. The other layers show a tendency to 
dissociation of their constituents, and to the formation of spaces here 
and there.    ( x 150.) 
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outer molecular layer, where cavities, containing tins sub- 
stance and separated hy the remains of the vertical fibres, 
lay alone be perceptible.     A  similar  effusion may  also 
seriate  the  " membrana limitans interna"   and bases of 
E r's  fibres from   the   rest   of   the   nerve-fibre   layer. 
Occasionally the layer of rods and cones presents remarkable 
Sning, such as is shown in Fig. 68, and is sometimes 
se n in other morbid states of the retina.     Liebreich has 
called attention to the occurrence of small angular grey spots 
of pigment, often arranged in groups, and appearing first in 
the periphery.    They are due to changes m the pigment- 
llSm! "and are" seen  especially in cases  in  which  a 
parenchymatous inflammation has passed away 
V  korLlCJunujes.-Oe^on,llj, although rarely, choroidal 
hemorrhage may occur in Bright's disease   and may lead to 
cnTmscribed atrophy of the  choroid with  adpcen    pig- 
mentary disturbance.    A peculiar » colloid    degeneration of 
Ztssels of the choroid in old cases of albuminuric retimtis 
has been figured by Poncet.    It leads to a thickening of the 

tissue of the choroid. 
Symptoms.-!* the  slighter forms  of the  degenera ve, 

herirrhagic, and neuritic varieties, vision may be unaffected. 
UZ  confiderable   alteration,   and  even   slight  parenchy- 
matous inflammation, commonly entails amblyopia, without 
limitation of the field or changes in colour-vision.    In rare 
cases colour-vision may be affected.     As the change,Po- 
eress   the interference with  vision  increases.     When   the 
macula lutea is damaged, central vision is lost but this is no 
common.    Degenerative changes rarely reach the centre of 
he macula,  no  doubt because the structures m which the 
degeneration occurs do not extend to the fovea centraks itself. 
Hemorrhages, from the paucity of large vessels, are also rare 
in this situation.    The hemorrhage may, however   encirc e 
the macula, and cause an annular defect m the field.    With 
a central loss of sight, some adjacent colour-blindness was 
found  by   Galezowski.     Sight   is   rarely   altogether   lost. 
Attacks of uremic amaurosis often accompany and compli- 
cate the amblyopia due to the retinal disease. 
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f! 

Pathology.—We know little of the relation between the 
renal and the retinal affection. The degenerative changes 
have been ascribed to the tendency to fatty degeneration 
which renal disease entails; but this scarcely explains their 
localization in the retina. Some facts, however, seem to 
show that a careful recent microscopic examination of the 
nervous tissues elsewhere may reveal the occurrence of 
similar changes in them. We know, especially through the 
researches of Gull and Button, that an extensive increase 
in the supporting tissue of the nerve centres may be 
found in chronic Bright's disease, and the thickening in 
the supporting tissue of the retina may be part of this 
change. Knob-like degenerations of the nerve fibres have 
also been found elsewhere in the nervous centres.   ' 

The facts stated on p. 214 render it probable that the 
mechanism by which renal disease excites the retinal changes 
is the altered state of the blood. 

The haemorrhages have been ascribed, with reason, to the 
double effect of the degeneration in the minute vessels and 
the increased arterial pressure from the cardiac hypertrophy. 
It has been speculated that the neuritis may be due to the 

■effusion of serum into the sheath of the optic nerve, but the 
view rests on no post-mortem evidence. 

In several cases in which I have found neuritis predomi- 
nating, symptoms of cerebral disturbances were conspicuous, 
intense headache, delirium, convulsions, due apparently to 
the effects of the blood-state. It seems probable that in these 
•cases there is much cerebral disturbance, and that this may 
determine the occurrence of the excessive change in the optic 
nerve. 

Complications.—Detachment of the retina is an occasional, 
although not frequent, accident. It may be double and 
extensive, as in one case under my own observation. The 
whole retina was detached in a case recorded by Davidson.1 

It is apparently due to serous effusion between the retina and 

1 "Trans. Ophth. Soc," vol. i. p. 57; see also vol. viii. p. 141, where 
Dr. Anderson relates a case in which very extensive retinal detachment 
•occurred in both eyes of a child with chronic interstitial nephritis 
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choroid. An example of it in slight degree is figured in 
Pig. 68, which shows that the pigment-epithelium may be 

detached with the retina. 
Emmorrhage into the vitreous occasionally occurs from the 

rupture of an extensive extravasation in the superficial layers 
of the retina.    It is always single, and may occur, as in a 
case under my observation, without the patient's knowledge 
One day the fundus was distinct, and vision good; the next 
nothing but a black reflection from the interior of the eyeball 
could be seen, and sight was lost.    It is hardly necessary to 
say that damage  to vision  may  be   permanent.    It may 
probably occasionally determine glaucoma.        _ 

'   Embolism is said to be an occasional complication ot aibu- 
minuric retinitis  (Yoelcker).    But this statement must  be 
accepted with considerable reserve.    Embolism elsewhere is 
extremely rare.   Thrombosis sometimes occurs in the cerebral 
arteries, and the signs of embolism may have been due to 
that cause, and on the other hand the contraction of the 
retinal arteries may simulate that in embolism ; but there is 
no corresponding defect of the field of vision in these cases, 
such as would certainly have been present if embolism or 
thrombosis existed.    As I have suggested, the explanation 
of these appearances which seems most probable is that the 
tendency to arterial contraction, which   is   often   traceable 
in normal arteries in this disease, leads to an extreme degree 
of narrowing when the changes in the disc lessen the flow 

of blood into the arteries. 
Course-In most cases the retinal changes persist, some 

lessening, others increasing, until the patient's death.    Not 
rarely, however, they diminish notably, and the retrogression 
may proceed until the changes almost or quite   disappear. 
This is especially the case when the affection comes on m 
the course of the chronic kidney disease which results from an 
acute attack, in which considerable improvement in the renal 
affection is often obtained, and in other chronic cases when 
prompt treatment soon after the onset of the retinal disease 
can improve the action of the kidneys.   The effect of purgation 
in lessening the retinal affections has been often observed, and 
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,   v 

Eales has remarked  that constipation appears  to  increase 
the tendency to their recurrence or relapse.    Improvement 
is often  noted in the albuminuria of  pregnancy,  a  form 
very prone  to  lead to  retinal changes,  which  commonly 
improve  or  even  disappear  when   the pregnancy is  over. 
The greatest improvement is obtained in the cases of slight 
papillitis.    Haemorrhages constantly disappear, and, if  the 
formation  of   fresh  ones   can   be   prevented, considerable 
improvement in the retinal state  may result.     Even  the 
degenerative changes may pass away, especially those which 
depend on the presence of the granular bodies in the layer 
of nerve fibres.    Most of the white spots shown in PI. X. 2 
disappeared.    The most persistent changes are those which 
result from the degeneration (or sclerosis ?) of the fibres of 
Miiller.    The white specks around the macula lutea, which 
result from  this cause, rarely disappear.    Occasionally re- 
missions in the retinal affection are observed, although the 
kidney disease progresses.    Thus in Litten's case, referred 
to on p. 209, there was repeated subsidence of the retinal 
change, in spite of  rapid progress of the renal affection. 
There was not only  resorption  of  extravasation, but  also 
disappearance of white patches. 

Diagnosis.—The recognition of the degenerative changes 
in the retina is only a matter of difficulty when the changes 
are slight and limited to the region of the macula. The 
strong contraction of the pupil, when this part is examined, 
very often renders the use of homatropine indispensable for 
a thorough exploration. 

The aspect of the degenerative form is most closely simu- 
lated by the retinal degeneration which results from a neuro- 
retinitis of wide extent (PI. VIII. 2). It is probable, indeed, 
that the changes are, to a considerable extent, identical. The 
damage to and between the radiating fibres around the 
macula lutea may leave a stellate .group of shining spots 
quite indistinguishable from those which occur in renal disease, 
and the diffuse white areas nearer the disc may also resemble 
those seen in the latter form. If the patient have come 
under observation during the acute period of the inflamma- 
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tion, there will be no question as to the nature of the retmitic 
change. It will be seen that, as in PL VIII. 1, the neuritic 
swelling reaches as far as the neighbourhood of the macula, 
and that the development of the white spots around the latter 
is part of the changes in the retina occurring near to, and 
evidently excited by, the inflammation. If, however the 
patient come under observation at a later stage, the distinc- 
tion maybe less easy. This is especially the case when^a 
neuritis from a cerebral tumour has been unnoticed till the 
loss of sight which accompanies its subsidence. 

The signs of one or the other classes of disease-encephalic 
affection or renal disease-are usually, however, sufficiently 
clear to leave little doubt, after a general survey of the 
symptoms. But this does not always afford so clear a guide 
as might be expected. A cerebral tumour may be accom- 
panied by a trace of albumen in the urine. This was the 
case in a child whom I saw some years ago with the late 
Dr Anstie. The only symptoms were headache, the retinal 
changes, and the trace of albumen. On the other hand 
there may be no symptoms of intra-cranial disease, except 

FIG. 73.—PAPILLO-BETINITIS. 

From case of cerebral tumour, with appearances at macula  *£*£"* 
bling those common in albuminunc retimtis.    (After Edmunds.) 

i See "Trans. Ophth. Soc," vol. iv. p. 291 and pi. 7. 
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D 
headache, which can, alone, hardly be regarded as such, and 
may accompany the neuritis of albuminuria, as in the case 
of the patient whose eye is shown in PI. IX. 3. Lastly, a 
neuritis, primary in the eye, may occur after diseases, as 
scarlet fever, which are liable to be attended with albuminuria. 

But attention to the following points will, in most cases— 
I think in all cases—enable a correct diagnosis to be made 
by the ophthalmoscopic signs alone, or in conjunction with 
the other symptoms. In the first place, there are always 
present the signs of a considerable preceding neuritis. 
Commonly, at the time the failure of sight calls attention 
to the eye, and the white spots are discovered, there is a 
prominent pale swelling over the disc, as in PI. VI. 3. It 
is very rare for albuminuric neuritis to leave a swelling 
of this prominence and pallor. If atrophy results from an 
albuminuric neuritis, the disc, by the time it becomes pale, 
is very little above the retinal level, as in PL IX. 4. More- 
over, the neuritic form never occurs, at least as far as 
recorded facts and my own observation have gone, except in 
cases of advanced chronic renal disease, commonly of con- 
tracting kidney,1 in which the signs of Bright's disease are 
always obvious enough. (Regarding these distinctions, see 
also pp. 96—98.) 

In the degenerative changes of neuro-retinitis, of such an 
extent as to simulate closely the appearance of the albumi- 
nuric form, as in PI. VIII. 2, all the features of the change 
are those of past, retrogressive mischief. The disc is atro- 
phied, the arteries evidently compressed, and there are, as 
a rule, no haemorrhages. In the renal form, of corresponding 
extent, there are always signs somewhere of active progress. 
The disc is commonly still inflamed, and there are usually 
haemorrhages. Lastly, when the retinal degeneration is 
present as a consequence of neuritis, at the time any diffi- 
culty in diagnosis might arise, sight is almost always 
lost. Whereas complete loss of sight is an event of great 
rarity in the albuminuric form. 

1 In one case I have seen it in the late stage of the large pale kidney, 
in which induration was commencing. 
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The form in which haemorrhages and spots of degeneration 
are combined, may resemble closely the changes in the retina 
in pernicious anaemia.     But in the latter the perimacular 
circle is commonly not recognizable, and the degeneration 
is for the most part connected with, and secondary to, the 
retinal htemorrhages.    The degeneration does not attain the 
same extent, and the disc is usually unaffected.    The same 
remarks apply, in the main, also to leucocythaemic retinitis. 
In the latter, the white spots are much more common in the 
peripheral portions of the retina than they are in the renal 
form, and in the latter it is very rare to see the circular spots, 
surrounded by a halo of haemorrhage, which are so frequent 
in leucocythaemia.    In the latter the tint of the fundus is 
commonly very different from that in albuminuria.    In both 
pernicious   anaemia' and   leucocythaemia   the   independent 
symptoms of the malady usually leave little room for doubt 
as  to the nature  of  the retinal  changes,  but it must be 
remembered that, in the latter especially, renal degeneration 

is often present. 
Prognosis.—Considerable attention has recently been 

drawn to the unfavourable prognosis as regards life in cases 
of chronic renal disease with retinal changes. Such patients 
seldom live two years, and a large percentage of them die 
within a few months,1 after the retinal affection is observed. 

Treatment—Local treatment is of doubtful value. Good 
can only be effected by improvement in the blood-state, 
especially that which is produced by purgation and dia- 
phoresis. By this means considerable improvement may 
often be effected in the retinal disease. In several cases, 
however, the albuminuric spots have entirely disappeared 
while under observation, although the patient died from the 

renal affection. 

DIABETES. 

DIABETES MELLITUS.—Defects of sight  are  common in 
diabetes (as Bouchardat pointed out many years ago), but 
changes in the fundus oculi are rare.     The most frequent 

1 See Miles Miley, " Trans. Ophth. Soc," vol. viii. p. 132. 
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cause for the defect is cataract, which is apt to occur in 
these cases. Occasionally, considerable amblyopia occurs 
without ophthalmoscopic changes, probably due to the blood- 
state and comparable to uraemic amaurosis, although pro- 
bably the result of a different condition of blood. 

Simple atrophy of the optic nerve has been observed in 
some cases. 

In a few cases a central scotoma for white and colours 
has been observed, peripheral vision being normal. The 
symptom thus closely resembles that which results from 
tobacco, but in some of the cases this cause could be with 
certainty excluded. Examples of this affection have been 
recorded by Bresgen,1 Samelsohn,2 and by Nettleship and 
Edmunds.3 The latter, in one of their cases (in which the 
loss was chiefly for red) found atrophy of nerve-fibres, with 
increase of nuclei and connective tissue, in a tract which, 
at the back of the orbit, occupied the axis of the nerve, and 
near the eye, the outer portion. They attribute the changes 
in this case, however, to the fact that the patient was a 
smoker. 

Occasionally retinal changes are visible, first observed by 
Ed. Jager4 and afterwards by Desmarres and Gralezowski. 
A careful study of them has been made by Leber,5 by 
James Anderson6 and by Nettleship7 (Fig. 74). They are 
only seen when the disease is advanced. In such cases of 
diabetes, albumen is often present in the urine as well as 
sugar, but the occurrence of these retinal changes is not 
related to the albuminuria, since they have been observed in 
many cases in which not a trace of albumen was present. 

The changes in the retina bear considerable resemblance 
to those of albuminuria, and still greater resemblance to those 
seen  in some cases  of pernicious  anaemia.    Haemorrhages 

1 "Centralbl. fur prakt. Augenheilk.," Feb. 1881, p. 33. 
- "Cent. f. prakt. Augenh.," 1882, p. 202. 
3 "Trans. Ophthalmological Society," vol. i. p. 124. 
4 " Beitriige zur Pathol. des Auges."    Wien, 1855, taf. xii. 
5 "Arch. f. Ophth.," xxi. 306. 
(i "Ophth. Rev.," viii. 1. 
7 "Trans. Ophth. Soc," vi. 331. 
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are conspicuous iu many of the cases, but may be entirely 
absent, as in the  case drawn in Fig. 74.    They are often 
situated behind the vessels, and are sometimes of considerable 
S     They may exist alone or may lead to  a  secondary 
parenchymatous retinitis.    In  one case   figured by ,ager 
a  condition  of   parenchymatous   retinitis   existed   in   the 
posterior segment of the eyeball, with obscuration of the 
disc, concealment of the veins in places, a few large whitish 
spots, and a few striated hemorrhages, the arteries being 
unconcealed.    White spots of  degeneration are frequently 
present,  commonly  of   moderate  size,  scattered  over   the 
fundus     They  are  situated  in  the deeper layers  of the 
retina    They differ  from the patches of the albummurie 
retinitis in shape, having less tendency to assume a circular 
form; in colour, having a more dingy shade of white: and 
in   grouping,  the   star   round   the   macula   being   seldom 
seen,   although there is  a tendency for the  spots  to be 
arranged   in   the  form   of   incomplete rings.    Sometimes, 
however, although rarely, there may be a perimacular cn-cle 
of spots, and this in  cases, as those described by JNoyes, 

FIG. 74.—OPHTHALMOSCOPIC APPEARANCE IN A CASE OF 

RETINITIS IN DIABETES.    (Nettleship.) 

The disc is free from swelling. Scattered about the fundus especially in 
yellow spot region, are numerous ill-defined whitish patches (see text). 
In this case there were no haemorrhages. 
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Desmarres, Eales, and Culbertson, in which there is no 
albumen in the urine. Occasionally a preponderant papillitis 
may be present, as in the case related by Culbertson,1 in 
which consecutive atrophy resulted and caused permanent 
amblyopia, although the neuritis was apparently cured. 
The simple atrophy of the optic nerve, which occasionally 
exists alone, may, in rare cases, accompany the retinal 
changes (Galezowski). 

A marked difference from the forms of retinitis which it 
most resembles is afforded by the frequent association, in 
diabetes, of opacities in the vitreous. They appear to be 
produced by the escape of blood in small quantities from the 
retinal haemorrhages. Leber has traced the development of 
a complete opacity of the vitreous by this mechanism of 
repeated hsemorrhagic infiltration. Occasionally, haamor- 
rhagic glaucoma is the result. In one curious case recorded 
by Nettleship'2 there were, in several parts of the fundus, 
capillary loops, apparently from the choroid, perforating 
the retina, and projecting for several millimetres into the 
vitreous. In another case he found by the ophthalmoscope 
numerous small dilatations on a large vein near the disc.3 

Few microscopical examinations have been made. One 
by Nettleship is recorded by S. Mackenzie.4 The chief 
•change, beyond oedema, was a peculiar hyaloid degenera- 
tion of the interna of the arteries, and numerous capillary 
aneurisms, some of which are shown in Fig. 75. These 
vascular changes afford an explanation of the tendency to 
haemorrhage. In this case the vessels of the brain (and of 
the kidneys and spleen) were similarly affected, and a small 
cerebral haemorrhage had occurred. 

Both eyes are commonly affected in diabetes. The dis- 
turbance of sight may be slight or considerable. Blindness 
is usually the result of the extravasations, or of secondary 
changes in the vitreous.   In Mackenzie's case, just described, 

1 "Detroit Lancet," April, 1880. 
2 "Trans. Ophth. Soc.,7' vol. viii. p. 159. 
3 "Trans. Ophth. Soc," vol. viii. p. 161. 
4 "Ophth. Hosp. Rep.,"ix. p. 150. 
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the disease was discovered by Waren Tay » oonsequence 
of the result of the ophthalmoscope examination, lheie 
is nothing absolutely pathognomonic in the characters 
of the affection, since they closely resemble the albu- 
xninuric form. In addition to the distinctions already 
described, the most suggestive indications are as Leber 
points out, the combination of the retinal change with 
opacity of the vitreous, and also with atrophy of the optic 
nerve having the characters of a simple atrophy. In 
albuminuria, atrophy is very rare, except  as the result of 

ieThTretinal affection is apt to relapse, even though 
temporary improvement be obtained under the' *fltienoe 
of dietetfc treatment. The advanced stage of he disease 
at which it occurs also renders the prognosis unfavourable. 
The treatment is, in the main, that for the general disease 
Carbolic acid is suggested by Leber, but is more likely 
to be useful in the diabetic amblyopm, without retinal 

changes, than in the latter. _ 
In very rare cases optic neuritis and glycosuria may both 

be consequences of an organic cerebral disease.    The two 

FIG.   75.-CAPH.LAKY AKEUKISMS, AND VARICOSE  0™™"^ 
RETINA, IN A CASE OF DIABETES WITH RETINAL HEMORRHAGES. 

They are seen in the course of the vessels (c)   at their bifurcation (d), and 
also situated laterally (6),     (xloO.) 
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symptoms, for instance, existed in a case recorded by Grross- 
mann,1 and the optic neuritis was thought to be due to the 
diabetes, until other indications of a cerebral tumour de- 
veloped. After death a tumour was found in the anterior 
part of the base of the brain, and the fourth ventricle was 
distended by a pseudo-membranous mass. 

DIABETES INSIPIDUS.— In a very few cases of diabetes 
insipidus, ophthalmoscopic changes have been observed, 
which have not, however, much analogy with those observed 
in diabetes mellitus. Atrophy of one optic nerve was observed 
by Laycock,2 and double optic neuritis was present in a case 
described by Van der Heyden.3 The connection of these 
changes is probably with the cause, rather than with the 
condition, of polyuria. It must also be remembered that 
the polyuria of contracted kidney is sometimes mistaken 
for diabetes insipidus. 

DISEASES   OF   THE   CIRCULATORY   SYSTEM. 

DISEASES  or  THE  HEART. 

The veins and arteries of the retina participate in any 
general changes in the circulation which result from diseases 
of the valves and walls of the heart, although the changes 
in them are commonly less marked than those in other 
vessels. For this there are two reasons—(1) Their size is far 
below that of the other vessels accessible to physical exami- 
nation ; (2) the conditions of the intra-ocular tension keep 
the circulation more uniform in the eye than in other parts. 

The over-filling of the venous system, from over-distension 
and dilatation of the right heart, consequent on congenital 
disease of the pulmonary orifice, on emphysema, and other 
causes of pulmonary obstruction, and on disease of the 
mitral orifice, may be revealed by an over-distension of the 
retinal veins, the chief trunks being large, and the smaller 

1 "Berl. Klin. Wochenschrift," 1879, p. 138. 
2 " Lancet," 1875, ii. 242. 3 « Leyden Thesiaj» 1875- 
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veins unduly visible, and therefore apparently more numerous^ 
It is commonly unattended with visual disturbance, although 
a case in which it was accompanied with transient attacks of 
amblyopia has been described by Galezowski   This condition 
is most marked in congenital cyanosis.    In that disease the 
retinal veins may be enormously dilated (as ma case figured 
in the first edition of Liebreich's Atlas), and they afford 
proof of the degree to which the distension of the venous 
radicles contributes to the cyanotic tint.    Betmal hemor- 
rhages occurred shortly before death in a case of congenital 
cyanosis recorded by Stangloneier.1    In acute venous over- 
distension, such as occurs during effort, during severe cough, 
or during an epileptic fit, the venous congestion may also be 

very marked. . , 
Under-filling of the arterial system, if chronic, such as 

occurs in aortic obstruction and in mitral disease, is rarely 
evidenced by a corresponding state of the retinal vessels, no 
doubt on account of the second local influence just mentioned. 

Nor is chronic over-action of the left ventricle, if sustained, 
evidenced, as a rule, in the retinal arteries, probably because 
the cause of such over-action commonly lies between these 
minute vessels and the  heart.     Exceptions   are, however, 
met with.    In exophthalmic goitre, in which the over-action 
of the heart depends on a primary nervous disturbance, and 
not on an obstruction to be overcome, distension (and even 
pulsation) of the arteries may be visible.     The former is 
probably in part due to dilatation of the vessels from vaso-. 

motor paralysis.    (See p. 198.) 
Sudden over-action of the heart, as from emotion or violent 

exertion, may also show itself in visible pulsation of the 
retinal vessels ; rarely in the arteries, more frequently in the 
veins, to which it is transmitted from the arteries. 

In aortic regurgitation pulsation in the veins is common, 
and pulsation in the arteries is not rare. This depends on 
the fact that the force of the pulse-wave becomes increased 
out of proportion to the actual movement of the blood, and 

• "Inaug. Dissert. Wurzburg, 1878; Nagel's " Jahrbuch fttr OphtK," 

1878, p. 261. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



iU 

v >i 

234 MEDICAL   0PHTHALM0SC0PY. 

the conditions which obtain in the larger arteries pass on, 
so to speak, into the smaller vessels, and even overcome the 
regulating influences of the eye (see p. 20). In one case 
described, the existence of the valvular lesion was first 
-suspected from this pulsation. 

For the above-mentioned reasons, neither simple dilatation 
nor simple hypertrophy of the left side of the heart usually 
affects the size of, or circulation within, the retinal vessels. 
Dilatation only acts when it involves the right side of the 
heart in an extreme degree, and then may cause some venous 
congestion. But hypertrophy, when its cause is such as per- 
mits it to act on the smaUer vessels, may produce, although 
rarely, retinal haemorrhages. It is doubtful whether it is 
capable of doing this unless rupture be permitted by vascular 
degeneration. The haemorrhages which result may lead to 
degenerative white spots, which may persist after the dis- 
appearance of the effused blood. 

Thrombosis of the central vein occurs in rare cases of 
heart disease, mitral and aortic (see p. 30). 

Embolism of the central artery of the retina is an occasional 
consequence of valvular disease of the heart, and is probably 
the most common cause of amaurosis associated with cardiac 
disease—a coincidence which was first noted by Seidl and 
Kanka in 1846.1 Its occurrence is governed by the same 
conditions as those which determine it elsewhere. It is most 
common in mitral disease, especially, like cerebral embolism, 
in mitral constriction. Its signs have been already described 
(p. 33). ^ 

Transient failure of sight without ophthalmoscopic changes 
is common in heart disease, and may be unilateral and con- 
siderable. To the latter form attention has been lately called 
by Nettleship.2 

Malignant Endocarditis.—-In the rare form of " ulcerative 
endocarditis" attended with fever and pyaamic symptoms 
(which Litten better designates " malignant endocarditis "), 
—the " diphtheritic endocarditis " of some German writers, 

1 Canstatt's " Jahresb.," 1846, iii. 115. 
2 "British MedicalJournal," Jan. 14, 1879. 
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due   probably, to tbe circulation in the blood of organized 
elements derived from some septic  source-retinal haemor- 
rhages are almost invariable, and of considerable diagnostic 
importance.      Choroidal1   and  even   conjunctiva!2   extrava- 
sations may in rare cases coexist.     Most of the observed 
instances have occurred after childbirth, and they are de- 
scribed under the head of " Septicaemia " (see Fig. 82, p. 29o). 
Rosenbach,* in two cases in which  ulcerative  endocarditis 
resulted from experimental damage to the valves of the heart 
of dogs, found retinal hemorrhages, minute, m streaks and 
dots     In these cases, hemorrhagic infarcts with abundant 
micrococci, were found in various organs.     Hypersemia 01 
the papilla was associated with the retinal hemorrhages m 
a case described by Michel.    In the optic nerves were found 
after death, many dark points, due to capillary embolism and 
"miliary abscesses."    Extravasations into the kidney were 
associated with bacterial masses.    Virchow has described an 
interesting case of panophthalmitis (exudation m the ins, 
vitreous, retina, and   choroid)  in  a  case   of  ulcerative en- 
docarditis in a man,  and  he  found minute bodies in the 
damaged spots, which would probably be now regarded as 
micrococci.     He   also proved by  experiment that embolic 
obstruction of the minute vessels caused punctiform extra- 
vasations in the retina.    In a case of ulcerative endocarditis 
recently recorded by J. Hutchinson,  Jun., the retina  was 
<Bdematous, its arteries small, and it showed several haemor- 
rhages.    All these changes may well have been due to the 
presence of embolism, but other facts in the case rendered a 
different explanation of the ocular condition possible.^ 

DISEASES or THE YESSELS. 

Chronic changes in the vessels rarely reveal themselves by 
retinal signs.    Those which do occur, the rare coincidence of 

i Westphal :  " Arch f. Psychiatrie," vol. ix. pt. 3, p. 389. 
2 Michel:  "Arch. f. Ophth.," vol. xxiii. p. 113. 
s " Arch, fur Exp. Path. u. Therapie," 1878. 
4 "Arch, fur Path. Anat.," Bd. x. 1856, p. 179. 
5 "Trans. Ophth. Soc," vol. ix. 1889, p. 152. 

r. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



4 
236 MEDICAL   0PHTHALM0SC0PY. 

aneurisms or signs of degeneration of the retinal vessels, 
with a similar change elsewhere, have been already suffi- 
ciently considered in the general account of the changes 
in the retinal vessels. 

Nor have alterations in the eye been observed in cases of 
acute lesions of the vessels elsewhere, with the exception of a 
case of phlegmasia dolens recorded by Walter.1 The sight 
of one eye was lost four days after parturition, and a week 
before the onset of the phlegmasia. Some weeks later, the 
retina (then first examined) showed extreme contraction of 
the retinal vessels; the optic disc was pale and the macula 
reddish. The appearances were supposed to be due to 
embolism. The retina, however, subsequently became 
detached. 

DISEASES OF THE BLOOD. 

PLETHORA. 

In states of plethora it is said by Jager that the vessels 
are large, and the blood-column dark. The changes are 
not, however, sufficiently well marked to be of practical 
importance. 

ANAEMIA. 

ACUTE ANEMIA FROM HEMORRHAGE.—LOSS of blood is 
occasionally followed by affection of vision, and the loss of 
sight may be slight or complete, transient or permanent, and 
may come on at the time of the hemorrhage or not until 
after several days. 

It is remarkable that sight is affected much more fre- 
quently after spontaneous than after traumatic hemorrhage, 
and in that of the latter form, venesection is the most frequent 
antecedent, accidental or surgical wounds being very rare 
causes. ^ This may be related to the circumstance that in 
traumatic and surgical cases the health is  less frequently 

1 " British Medical Journal," April 2, 1881. 
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impaired before the loss of blood than in the cases m which 
spontaneous hemorrhage occurs, or in cases in which vene- 
section is performed. I am not aware that it has ever been 
noted in cases of the hemorrhage diathesis. 

For a valuable compilation of the statistics of these cases 
we are indebted to Fries.1    Of 96 cases in which the form 
of the hemorrhage was noted,  in   34 (35 per  cent.)   the 
hemorrhage was from the  gastro-intestmal tract;   in to 
(25 per cent.) it was from the uterus, in most cases after 
childbirth, in a few from menorrhagia; 24  (25 per cent.) 
were due to the artificial abstraction of blood (21  by vene- 
section, 2 by leeching, 1 by cupping) ;   in 7 cases it was 
due to epistaxis ; in 5 to wounds; in 1 case to hemoptysis; 
and in   1   to urethral hemorrhage. 

The loss of sight commonly follows a large hemorrhage, 
and especially repeated hemorrhages, but sometimes occurs 
after a small one.    Now and then it follows immediately on 
the loss of blood (in 26 per cent, of the cases): the patent 
wakes from the faint to find himself bhnd.    In 19 per cent, 
it occurs during the first twelve hours after the hemorrhage. 
More frequently an interval of two or three or four days 
occurs  between  the  two  events;   33 per cent, occur after 
the first twelve hours and before the eighteenth day      ires 
found that the prompt onset is most common m the cases 
which occur after venesection, the tardy onset after  spon- 
taneous hemorrhage.    Commonly the loss of sight is sudden; 
rarely, it is preceded by photopsy and pam in the head and 
tack     In  one  case  under my observation neuralgic pam 
above the eyes-occurred after the (post-partum) hemorrhage, 
and lasted for several days after the onset of the blindness^ 
In this case each previous confinement had been followed by 
a similar pain, without affection of sight.     Occasionally the 
same  individual  has  suffered  from  transient  affection  of 
sight after hemorrhage on more than one occasion as m a. 
case recorded by Samelsohn, in which temporary blindness 
occurred after each of several attacks of hematemesis. 

i "InauK. Dissert.," Tubingen, '<Beilageheft zu den Klin. Monatsbl. f. 

Augenheilk.," 1876. 
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i '.! 

The blindness is commonly double (in 90 per cent,—Fries), 
rarely one eye being much more affected than the other. 
In 10 per cent, of the cases one eye is affected exclusively ; 
in 5 per cent, one eye becomes blind and the other is but 
slightly affected.    The loss is often permanent and complete 
(in  65 per cent.), the pupils being dilated and not acting 
to light.    Partial or complete recovery takes place in about 
half the cases (partial, 30 per cent.; complete, 20 per cent.). 
Leber1 thinks the loss is commonly more complete when the 
haemorrhage  is  from  the  stomach,   than   when   from   the 
intestines or uterus, and this agrees  with the conclusions 
of  Fries,  that  improvement, in spontaneous haemorrhage, 
is most common after haemorrhage from the bowels.    Com- 
plete restoration of sight has been observed after haemorrhage 
from the uterus, from the intestines, from the nose, traumatic 
haemorrhage, and venesection ; never after haemorrhage from 
the  stomach.     Eecovery may be much greater in degree 
in one eye than in  the   other.     It  may be   complete   in 
both eyes.    When the recovery is partial, the field may be 
limited, but the limitation  varies much in different cases. 
In the case after childbirth, above mentioned, although the 
sight of both eyes was lost at first, the right recovered with a 
normal field, while in the left vision was only J, and the 
right half of the field was lost.     In one case on record, the 
permanent loss was in the lower half of each field, and was 
greater  in  the left than in the right.      In   another   case 
(Uhthoff2), the right field was limited above, and the left 
field was limited on the temporal side, while the nasal half 
was lost except in two small islets.     The colour-fields were 
restricted out of proportion to that for white.     In a case of 
Samelsohn's,   in one eye central, in the other peripheral, 
vision was left.     A central scotoma was also observed by 
Mandelstamm.3    Eecurrent transient amaurosis marked one 
case (Leber). 

The  ophthalmoscopic  appearances  some  time  after   the 

1 In Graefe u. Saemisch's " Handbuch," vol. v. 
2 "Arch. f. Ophth.," vol. xxvi. pt. 1, p. 274. 
3 " Centralbl. f. prakt. Augenh. " 1879, p. 175 
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onset, have, in rare cases, been normal. In most cases the 
disc is atrophied with small vessels, as in the case I have 
mentioned, in which the disc was greyish-white, the arteries 
much narrowed, the veins small also, and much new tissue 
about the vessels in the disc. The degree of narrowing of 
the vessels, and the time at which pallor appears, have varied 

in different cases. 
In the few ophthalmoscopic examinations which have been 

made early in the history of the cases, there have commonly 
been signs of inflammation, usually slight, sometimes intense. 
The slight changes consist in diffuse opacity of the retina 
with some oedema of the disc, the more intense in a neuro- 
retinitis with hemorrhages. The larger the number of early 
observations the more does it appear that the permanent 
damage to sight is related in degree to the intensity of the- 

inflammation. 
In one case, recorded by Hirschberg,1 three days after the 

haemorrhage there  was  slight opacity of the left papilla ■ 
distinct neuritis in the other eye without swelling ;   sight 
nearly normal.    Five days later—E., intense neuro-retimtis,. 
V A- L    commencing neuritis, V. J.     The sight of the 
right eye was lost next day.    Three weeks later-E. disc as 
in neuritic atrophy, Y. 0 ; L. disc merely reddish and in- 
distinct, Y. i-.    Three years later the patient died of cancer 
of the stomach: the fibres of the optic nerve were found to- 
be replaced by nucleated connective tissue—there was no evi- 
dence of hemorrhage into the nerve sheath.    A very similar 
case has been recorded by Landesberg.     The day after a 
hemorrhage from the nose, dimness of sight of one eye was 
complained of, and the ophthalmoscope showed, in both eyes,- 
diffuse opacitv of the retina with some swelling of the papilla. 
In one eye the appearances soon lessened, and sight was 
normal;   in the other a neuro-retinitis with hemorrhages 
developed, with ultimate amaurosis.    Eetinal hemorrhages 
and neuro-retinitis   were  observed   by Woinow  after the 
application of four leeches to the uterus.    In a case published 

i Hirschberg:   "Kl.   Monatsbl.   f.   Augenheilk.,"   1877.     Supplement,.. 

53-85. 
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by Ulrich,1 the changes were noted a few minutes after an 
attack of haematemesis. The optic discs were pale, and the 
vessels on its surface presented a normal appearance. At 
its edge, however, the veins suddenly lost their dark red 
colour, and became bright red, like arteries. There were 
numerous haemorrhages and white spots along the course 
of the vessels. This condition of the veins gradually 
disappeared, and in two months the fundi and vision were 
normal. The same observer has more recently recorded three 
additional cases with similar ophthalmoscopic appearances.2 

Forster has recorded a case, in which, twelve days after 
a haemorrhage, there was a peculiar white opacity of the 
retina, with small haemorrhages around the disc; vessels 
small, but not as in embolism. There was no affection of 
sight. The opacity slowly disappeared without neuritis. So 
in a case seen by Horstmann, three days after a haemate- 
mesis, disturbance of sight occurred (-J-) with slight opacity 
of the optic nerves and adjacent retina. The changes 
gradually lessened, and sight became normal. On the other 
hand, ten days after loss of sight, which occurred seven days 
after an abortion, Herter3 found neuro-retinitis with haemor- 
rhages, quickly subsiding to atrophy; loss of sight per- 
manent in both eyes. Colsmann, however, four days after 
onset, found only pallor of disc, small arteries, large veins, 
and no neuritis. 

Many theories have been framed to account for the 
phenomena, but the variety in the changes renders the 
appearances very difficult to explain. The theory which has 
obtained most acceptance is that of v. Grraefe, that there is 
a retro-ocular haemorrhage situated sometimes near, some- 
times far from the eye. The evidence in favour of this 
theory is that small retinal haemorrhages have been seen, that 
there are sometimes haemorrhages into other organs in cases 
of loss of blood, and that in one case there were simultaneous 
symptoms  of  a  cerebral  lesion.    But this  affords  a very 

1 "Klin. Monatsbl. f. Augenh.," 1883, p. 183. 
2 " Graefe's Arch. f. Ophth.," 1887, p. 1.   See"Ophth. Rev.," vol. vii. p.16. 
3 "Charite Annalen," 1887, p. 525. 
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inadequate explanation  for the cases  in which both eyes 
suffer.    Moreover in those cases which have been examined 
post-mortem there has been no evidence of such haemorrhage. 
To  assume, as has been done, that the mischief is at the 
chiasma, seems unjustifiable, in the entire absence, in  all 
such cases, of other symptoms of mischief at the base of the 
brain.   Farster attributed the slight changes in his case to 
serous effusion.     Horstmann1 ascribes the symptoms to in- 
flammation  in  the   optic  nerves.    Ulrich  regards   papillo- 
retinitis found after great loss of blood as due to disturb- 
ances  in   circulation  in   the   papilla,  and  attributes  these 
latter changes to the establishment of an abnormal relation 
between the blood and the vitreous-pressures.2    The appear- 
ances noted by him in the veins immediately after severe 
hemorrhage  (see p. 240)   he adduces as a proof of these 
circulatory disturbances.    He believes that there is always a 
slight hindrance to the circulation in the retinal veins where 
the latter bend in passing over the edge of the disc, that the 
influence of the intra-ocular pressure is to increase this hin- 
drance, and that it is still further increased by the occurrence 
of any reduction in the blood-pressure.    Severe loss of blood, 
then, produces a condition favourable to venous stagnation 
by reducing the blood-pressure markedly, while the intra- 
ocular pressure is not affected or only slightly diminished. 
Samelsohn thinks that the nervous connection between the 
stomach and the corpora quadrigemina (lesions of which are 
said to cause gastric hemorrhage) affords the best explanation, 
while von Oettingen3 believes that he has proved that fatty 
degeneration of the retinal vessels, quickly following the loss 
of blood, is the cause of the extravasations sometimes seen. 

It is evident, however, that in the majority of cases there 
are the signs of inflammation, and there is at present no 
evidence to show that this is not of intra-ocular origin. It 
seems probable that the mechanism may vary in  different 

1 " Kl. Monatsbl.," 1878, p. 147. 
2 "Graefe's Archiv," xxvi. 3, p.  80. 
3 "Dorpat Med. Zeitschrift," 1877, Nos. 3 and 4, and Nagel's 

bericht," 1877, p. 239. 
' Jahres- 
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eases, and one effect of loss of blood may be upon the retinal 
elements themselves. The shock to the nervous structures 
from the anaemia may, in some cases, cause transient loss of 
function, of sudden or slow onset, and recovery takes place 
without ophthalmoscopic changes. In other cases no recovery 
may take place, and atrophy supervenes. In some cases the 
damage to the nutrition of the retina may lead to a primary 
inflammation on the restoration of the blood-supply, variable 
in degree, sometimes slight and general, sometimes most 
intense in the papilla, where inflammation occasionally occurs 
in chlorosis. 

It is probable that more light will be thrown on the 
pathology of this mysterious accident when physicians are 
more generally aware of the ocular symptoms which may 
accompany haemorrhage, and use the ophthalmoscope in all 
cases in which the phenomena are likely to occur, since only 
too many of such cases afford opportunity for post-mortem 
investigation. 

SIMPLE CHRONIC ANJEMIA.—CHLOROSIS. 

The colour of the fundus is pale in proportion to the 
anaemia, but the physiological variations in the tint of the 
choroid and of the disc prevent the tint of the fundus from 
affording any absolute indication. In extreme cases the 
choroidal pallor may, however, be striking, as it was in a 
girl with chlorosis, lately under my care, in whom the red 
corpuscles were only 26 per cent, of the normal. 

The retinal vessels often present distinct characters. The 
veins are especially pale, often only a little darker than 
the arteries. When the choroidal pigment is abundant it 
may be noted that its influence on the apparent tint of the 
veins is greater than in health; they undergo a greater 
change of tint in passing from the dark choroid on to the pale 
disc. The veins are also often broad, probably in consequence 
of the defective distension and consequent flattening in their 
atonic state by the intra-ocular pressure (see p. 10). The 
reflection from them varies, commonly being broad, no doubt 
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in consequence of the diminished convexity. The arteries 
are usually narrower than normal, not merely in comparison 
with the veins, but absolutely ; their pallor is much less 
noticeable than is that of the veins. The reflection from 
them may also be broad. Spontaneous pulsation in the 
retinal arteries has been occasionally observed by Becker1 in 
chlorotic girls. Schmall2 found arterial pulsation in 20 out 
of 55 cases of chlorosis, the pulsation being usually in the 
form of locomotion seen at the bends of the vessels. 
Hemorrhages are said to occur, but are certainly very rare 
in simple anemia, and probably only take place where there 
is a great absolute deficiency in the number of red corpuscles. 
I have, however, found them absent in a case in which the 
corpuscles were only 26 per cent, of the normal. 

A valuable paper on the changes found in the fundus oculi 
in anemia, based on the examination of fifty cases, has been 
published by Saundby and Eales.3 They did not observe 
arterial pulsation in any of the cases, and venous pulsation 
not more frequently than in healthy individuals. In five 

■of the cases (10 per cent.) there was slight blurring of the 
disc, mostly with hypermetropia, and in four there were 
whitish or yellowish patches of exudation near the disc, or 
.scattered at the periphery. In one case there were two 
haemorrhages near the disc; and in several there were 
small white spots, or small spots of pigment, presumably 
left by haemorrhages. 

Neuritis occasionally occurs in chlorotic girls. Two 
undoubted instances have been recorded by me,4 and one of 
these is figured , at PL VII. 5. In each case the anaemia 
was very great, the haemoglobin being reduced, out of pro- 
portion to the corpuscles, in one to 30, and in the other 
to 38 per cent. The first case suffered from a relapse of 
neuritis on a recurrence of anaemia. In each case the^ im- 
provement was most   rapid   under   the   influence   of   iron. 

1 " Klin. Monatsbl.," Jan. 1880, p. 1. 
2 " Graefe's Archiv," xxxiv. i., p. 37 ; 
3 "Ophth. Rev.,"i. 303. 
4 " Brit. Med. Journ.," 1881, i. 793. 

1 Ophth. Rev.," 1888, p. 268. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



II 

If 

244 MEDICAL   OPHTHALMOSCOPY. 

The degree of neuritis was slight in the first case, but very 
considerable in the second. In the case figured in PL 
YIIT. 1 and 2, the neuritis must, I think, be ascribed to 
the same cause. The patient was watched for two years 
after the subsidence of the neuritis, and, except for an 
occasional headache, there was never the slightest other 
symptom to suggest intra-cranial disease. I have never 
known neuritis from cerebral disease to develope with the 
extreme rapidity exhibited by this case; and such intensity 
of progress, in conjunction with the entire absence of 
cerebral symptoms, excludes, I think, an intra-cranial 
cause. Iodide of potassium was first given, but no im- 
provement occurred until iron was substituted, too late, 
unfortunately, to prevent partial atrophy. I fear that the 
permanent damage to sight was in part due to the delay 
in the administration of iron. Another case of intense 
neuro-retinitis with hemorrhages in a chlorotic girl is 
recorded by Mr. R. Williams.1 Rapid recovery took place on 
the administration of iron. 

It is worthy of note that all the patients presented a 
slight degree of hypermetropia. It is generally admitted 
that this condition is capable of causing slight congestion 
of the disc, and if so, it is possible that, in these cases of 
chlorotic neuritis, the hypermetropia may help in setting 
up the changes in the papilla which, in the special blood- 
state, progress to a much more intense degree than they 
would otherwise attain. 

Hirschberg first noted the occurrence of optic neuritis in 
chlorosis, and an instance, in a girl of sixteen, quickly 
cured by the administration of iron, has been recorded 
by Bitsch.2 

PROGRESSIVE PERNICIOUS ANAEMIA. 

In pernicious ansemia the tint of the fundus and the 
appearance of the arteries and veins are such as are seen 
in the most intense cases   of   simple antemia.    The rather 

1 "Brit. Med. Journ.," 1884, i. 10. 
2 " Klin. Monatsbl.," April, 1879, p, 144. 
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narrow arteries and broad pale veins are seen m PI. XL 1, 
from a case which  has  been   published by Stephen Mac- 
kenzie *    The figure shows also that which is a characteristic 
feature in pernicious anaemia, the tendency to haemorrhage. 
Common in other situations, it is far more frequent in the 
retina than elsewhere.   Of sixteen cases examined by Qumcke, 
retinal haemorrhages were absent  in one only.    In thirty 
cases examined   by   Homer,   extravasations  were   present 
"almost without exception."    The extravasations are often, 
.as in the figure, numerous, and more  or  less  striated or 
flame-shaped, from   their   situation  in the layer of nerve- 
fibres     They are usually most abundant   around the optic 
nerve entrance.    They are frequently associated with white 
spots and areas, due in part to leucocyte-like cells, m part 
to  degeneration  in  the  disturbed retinal tissues   varicose 
enlargement   of   the    nerve-fibres,   giving   rise   to   finely 
granular,  spherical,  and fusiform   bodies.     Homogeneous 
(» colloid ") and finely granular masses have also been found 
in the inter-granule layer.2    Occasionally a pale spot may 
occupv the centre of a small haemorrhage.    In such a case 
Manz^ found the pale centre to consist of round colourless 
cells, sometimes enclosed in a capsule.  He found also ampul- 
hform and sacculated dilatations of the capillaries (no doubt 
similar to those seen in Fig. 75, from a case of diabetes). 
Some  of these were  empty, others  contained a  granular 
material, others contained red blood corpuscles or colourless 
cells.    He  supposes that the   capsule   found   to   enclose 
the pale cells within the haemorrhages was really the wall 
of such a capillary dilatation.    A stellate   arrangement of 
white specks around the macula lutea was seen by Qnmcke 
in one case, but is certainly rare in this disease.    Oidema 
of the retina was also  observed   in   one  case by Qumcke, 
the vessels being  dimmed by a bluish-white  cloud     The 
optic disc is usuallv normal, but its edges may be blurred, 
and optic neuritis may, in rare cases, be present m excess 

i "Lancet," Dec. 7, 1878. 
s Uhthoff: "Klin. Monatsbl.," Dec. 1880. 

" 1875, p. 675. s "Centralbl. fur d. Med. Wiss. 
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f 

of the other retinal changes, as in the case of a boy described 
by Stephen Mackenzie.1 

The haemorrhages are in many cases quickly absorbed, 
lasting only a few weeks. They cause no disturbance of 
vision except when located in or near the macula lutea. It 
is probable that when the actual diminution of the blood 
corpuscles is ascertained in these cases, a relation may be 
traced between a certain degree of diminution and the occur- 
rence of these haemorrhages. In one case the haemorrhages 
appeared when the corpuscles fell to 27 per cent, of the 
normal, and increased with the progressive fall of the cor- 
puscles, which before death were only 12 per cent., and the 
haemoglobin 8 or 9 per cent, of the normal.2 

Scorbutic Anosmia.—A form of anaemia which may be thu& 
distinguished, appears to be a distinct variety of pernicious 
anaemia. It is characterized by the same progressive pallor 
and systemic effects of the deficiency of blood corpuscles, but 
differs in the occurrence of an affection of the gums resem- 
bling that met with in scurvy, and in extravasations into the 
skin. There may also be other cutaneous rashes, such as are 
met with in cachectic conditions. Haemorrhages may occur 
into the retina just as in the ordinary form of pernicious 
anaemia. It appears not to be in any degree due to deficiency 
in vegetable food, but to be occasionally produced by absti- 
nence from meat. 

An example of this form was described to the Ophthal- 
mological Society by Dr. Stephen Mackenzie.3 The patient 
was a lad, aged eighteen, who had had syphilis, but no cause 
for the blood-disease could be traced. The symptoms were 
swelling of the gums, enlargement of the glands beneath the 
jaw, petechial haemorrhages in the skin, haemorrhage from the 
gums, and profound anaemia. Vomiting preceded death. In 
the retina were abundant fusiform haemorrhages, gradually 
increasing in number until there were twenty or thirty in 
each retina, some as large as the papilla.    Ultimately general 

1 " Lancet," Dec. 7, 1878. 
2 S. Mackenzie : " Trans. Ophth. Soc," vol. i. p. 48. 
3 Ibkl., p. 51. 
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retinal OBdenio occurred.     The  corpuscular richness of the 
blood gradually decreased, during two months the  patient 
was under  observation,  from  51  to   13  per  cent,   of the 
normal     The coloured corpuscles varied in size, some pre- 
senting fissures or cracks.    The colourless corpuscles were 
not in excess, except to a slight degree towards the close. 
They  were  small and spherical.     The   haemoglobin   was 
reduced out of proportion to the corpuscles.     No treatment, 
dietetic or medicinal, appeared to influence the course of the 
disease.    After death, haemorrhages were found m the lungs 

and on the surface of the heart, 
In a case of my own, the symptoms were very similar to 

those of Dr. Mackenzie's case. There were the same pro- 
gressive anemia, swelling of the gums, cutaneous and retinal 
extravasations, and hemorrhages found after death m the 
lungs and heart. In this case, however, the patient had tor 
a long time abstained almost entirely from animal food, 
taking plenty of vegetables. There were also, in addition to 
and accompanying the extravasations, papules with infiltra- 
tion of the adjacent skin. After death a peculiar change 
was found in the periosteum of some of the bones. 

I lately saw, with Mr. Grellet, of Hitchin, a woman, aged 
thirty-seven, who presented very similar symptoms, except 
that there were no retinal haemorrhages.   The affection m this 
case also came on after entire abstinence from animal.food 
for several weeks, vegetable food being freely taken,    lhere 
were   extreme   anaemia,   swollen   spongy   gums,   cutaneous 
petechiae, and small erythematous spots on the limbs, with a 
papule in the centre, which became vesicular and formed a 
Lab.     Under large doses of iron she had begun to improve, 
and Mr. Grellet has since informed me that the symptoms 

passed entirely away. 

LEUCOCVTHJEMIA. 

In all cases of leucocythaemia in which the change in the 
blood is considerable, the retinal and choroidal vesse s are 
remarkably  pale.     The tint of the choroid is usually  an 
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orange-yellow, but if there be much choroidal pigment the 
tint may be little changed.1 The retinal veins appear broad 
and very pale. This apparent increase in width is sometimes 
very great (Fig. 76), and is probably due to atony and flat- 
tening rather than to passive distension. They are often very 
tortuous. Their central reflection may at first be broad and 
indistinct; ultimately, in the large tortuous vessels, a very 
narrow, almost white, reflection appears. The retinal arteries 
are orange rather than red, and in extreme cases they are 
small. 

Besides these appearances, there are, in a considerable 
number of cases, actual changes in the retina. These vary 
greatly in different cases, and rarely present the appearance 
described by their discoverer, Liebreich, as " leukaamic 
retinitis." They are almost confined to the splenic variety, 
and are usually double, one eye being often more affected 
than the other. 

FIG. 76.—BROAD RETINAL VEINS AND NARROW ARTERIES. 

From a case of leucocythfemia. 
1 Leber: " Graefe and Saemisch's Handbucb," vol. v. p. 600. 
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The commonest change is the occurrence of retinal haemor- 
rhages.    The tendency to  hemorrhage in this  disease  is 
extremely strong, and leads to extravasations into the retina 
in a large numher of cases.   Statistics which I have collected 
show that the most common recorded seat of extravasation 
into tissues is the subcutaneous cellular tissue.    A more con- 
stant use of the ophthalmoscope will probably show that retinal 
hemorrhage is as frequent, if not more so.    Of five cases 
of leucocythemia which I have examined with the ophthal- 
moscope, retinal extravasations were visible at some period in 
four    Of the tendency to haemorrhage these extravasations 
constitute a striking indication.    The tendency to retinal 
haemorrhage is apparently far greater in leucocythemia than 
in simple anemia, for it occurs with a percentage of red 
corpuscles greater than is usual in cases of simple anemia 
which present retinal hemorrhages.    I have twice met with 
them in leucocythemia when the blood contained 50 per cent. 
of red corpuscles.    One of these cases is figured m PI. XL 
Rg.  2.    The hemorrhage encircles the fovea centrahs m a 
curious series of extravasations, and several smaller ones lie 
adjacent.    Commonly   the  hemorrhages   are  more  widely 
scattered,   and   more  or  less   striated.    The  hemorrhages 
are  in these cases usually in the nerve-fibre layer, but a 
large extravasation may infiltrate  the  whole  thickness  of 
the retina.    When the excess of white corpuscles is  con- 
siderable, the effused blood has a pale, chocolate tint here 
as in other situations.    Extravasation may take place into 
the  substance  of the papilla, or   hemorrhage  may  occur 

into  the vitreous.'2 

Besides the hemorrhages, white or yellowish spots are 
commonly present, often most abundant in the periphery, or 
near the macula lutea. These are sometimes irregular but 
often rounded, and edged by a halo of extravasation. When 
large they are sometimes distinctly prominent, and may be 
as much as 2 mm. in diameter (Eeincke). They consist 
commonly of leucocytes, similar to the leucocytes  of the 

' vol. Art. Leueocythsemia, "Reynolds' System of Medicine, 
Vide Perrin and Poncet's "Atlas," pi. 65. 

257. 
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blood, and they have been regarded as lymphoid growths 
such as occur in other organs. In rare cases, actual growths 
of some size have been met with, but it is doubtful whether 
the smaller spots are of this nature. It is common for 
the pale corpuscles to be aggregated in the middle of an 
extravasation. In some cases the white spots are due to 
degeneration of the retinal elements. The capillaries are 
full of white corpuscles, and it seems more probable that 
these spots arise by the escape of the corpuscles by diapeclesis 
or by rupture. In one case Saemisch found an irregular 
thickening of the inner granule layer, in some places extend- 
ing into the ganglion-cell layer. He attributes the thicken- 
ing to escaped leucocytes, which are indistinguishable from 
the corpuscles of the granule layer. Poncet has found a 
similar infiltration extending, not only into all the layers 
of the retina, but also into the substance of the optic nerve. 
Swelling of the nerve-fibres was the cause of small white 
spots in a case described by Deutschmann.1 The capillaries 
of the retina may be dilated and varicose, such as are shown 
(from a case of diabetes) in Fig. 75.2 The lymphatic 
sheaths of the vessels may be filled with white blood 
corpuscles. 

Occasionally a diffuse opacity of the retina is met with,, 
said by Roth to be due to a thickening of the vertical fibres 
of the retina, but probably sometimes due to oedema—of the 
ganglion-cell layer in the case described by Deutschmann,1 

of both ganglion-cell and nerve-fibre layers in a case examined 
by Oeller,'3 in which both these layers were twice the normal 
thickness. When considerable it is in part due to a diffuse 
infiltration of leucocytes, as described by Poncet and Oeller. 
This opacity, with some swelling and great tortuosity of the 
veins, was the chief appearance in one case under my own 
observation. The patient was a woman, aged thirty-six, 
in University College Hospital, under the care of Dr. 
Wilson Fox.    Both eyes were affected in a similar manner. 

1 "Kl. Monatsbl. fur Augenheilk.," 1887, p. 231. 
2 Such capillaries are figured by Poncet, "Atlas," pi. 66. 
3 "Arch. f. Ophth.," xxiv. 1878, pt. iii. 241. 
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The  discs were  clear, the sclerotic ring  distinct, and  the 
physiological cup quite normal.    The tint of the periphery 
of the disc was rather deep, but there was no punctif orm 
redness.    There was a diffuse, slight opacity of the retina 
chiefly marked near the disc and somewhat striated on direct 
examination.    Towards the periphery of the retina, a few 
small white spots were seen, and one  small hemorrhage 
The arteries were nearly normal in size, but unduly tortuous. 
The veins were greatly increased in diameter,  and much 
paler than natural.    Their central reflection was everywhere 
distinct and broad.    The smaller veins were conspicuous and 
could be followed for a longer distance than normal,    lne 
larger veins were very tortuous, the  curves being  chiefly 
in the plane of the retina, but some antero-postenor._   One 
or  two   small  veins on leaving the disc were lost in the 
opacity of the retina, but the larger veins were not concealed. 

A remarkable change was observed by Heinzel« m a case 
of lymphatico-splenic leucocythaemia in a child, 45 years ot 
acre      There  was   at   first  an enormous   swelling   of both 
papilla, which were occupied by a  striated opacity, com- 
pletely concealing the disc,  without redness,  ceasing two 
Los' breadth from the edge.    The retina presented here and 
there a little opacity.    There was moderate tortuosity of the 
veins, and the vessels were bordered by pale lines of variable 
width     Numerous hemorrhages appeared and disappeared 
in each retina.   All the pathological appearances passed away 
in four weeks, the fundus appearing normal but pale and it 
was also found normal after death.    Heinzel remarks that 
the appearance had not the aspect of an inflammatory process 
but rather that of mechanical congestion with consequent 
oedema and ecchymoses.    Such a condition was presented m 
the same case by the conjunctiva, and several times by the 
skin, and was ascribed to the constitutional state 

In   cases  of  general thickening of the retina, the optic 

i  " Tahrmich fur Kinderheilk.," 1875, p. 346. 
. The ophtta moscopic appearances may have been due to thrombos* m 

the orbiJ vein, the anastomoses with the faeial ultimately sufflcrng, to 
restore the normal circulation. Venous thrombosis rs common in to. 

disease. 
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papilla has been found swollen (to 'd mm.—Oeller) in 
•consequence of leucocytal infiltration and oedema. The 
leucocytes were densely massed in front of the lamina cribrosa. 
The disc is not usually changed, however, except when the 
parenchymatous retinal changes are considerable. 

The haemorrhages may be, in some cases of leucocythsemia, 
so numerous as to give to the changes the aspect of a 
haemorrhagic retinitis, such as is met with occasionally in 
other conditions. A large extravasation may burst through 
into the vitreous, and cause secondary glaucoma. The 
vessels are sometimes accompanied with conspicuous white 
lines. 

Besides the changes which appear related to the blood- 
state, the complication of kidney disease may lead to retinal 
changes, identical in appearance and structure with those met 
with in cases of primary renal disease, as in a case figured by 
Poncet.1 

The degree to which the changes interfere with sight 
depends on their extent and position. If abundant they 
cause considerable amblyopia; if slight the vision may be 
unimpaired, and the retinal changes may easily be over- 
looked, unless systematic examination is made with the oph- 
thalmoscope. In a case recorded by Hirschberg2 the patient 
sought advice in consequence of seeing a red balloon con- 
stantly before his right eye, and the ophthalmoscope showed 
a large haemorrhage of corresponding shape in the macular 
region, with numerous small ones scattered over the fundus. 
His blood and spleen were examined, and the diagnosis 
of leucocythaemia confirmed. A month later, an exactly 
similar haemorrhage occurred in the left eye, giving rise to a 
spectral red balloon in that eye also. When situated near 
the macula, central vision is much impaired; in the case 
figured, for instance (PL XII. 2), it was very dim, but not 
lost. Occasionally the disturbance of the retinal elements 
leads to a curious change in vision, as in one case in which 
parallel lines appeared to come near together, and again to 

1 Perrin and Poncet: " Atlas," pi. 66. 
2 "Centr. f. prakt. Angenh.," 1887, p. 97 ; "Ophth. Rev.," 1888, p. 12. 
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diverge. Double exophthalmos, from a lymphoid growth in 
both orbits, was present in a remarkable case of leucocythemia 
described by Leber.1 Eetinal hemorrhages were also present. 
A case of exophthalmos in this disease, described by Ohauvel, 

was probably of the same nature. _ 
Sometimes the choroid is found infiltrated with leucocyte- 

like cells, and its vessels may be, at the same time, greatly 
dilated. From these two changes, in Oeller s case, the 
choroid, near the outer side of the disc, was swollen to eight 
times the normal thickness. It was difficult to say whether 
the leucocytes were free or were contained in the enormously 
dilated vessels. Poncet has figured an infiltration of the 
iris with leucocytes, supposed to indicate a leucocythemic 

iritis. 

PURPURA. 

The tendency to rupture of vessels in purpura leads to 
retinal   as well  as to  subcutaneous  extravasation.     How 
frequently retinal hemorrhages occur cannot be ascertained 
until the ophthalmoscope is more generally, used by physi- 
cians, but they are certainly very common, perhaps invariable 
in the severer forms  of the  affection.     Cases have been 
recorded by  IW  Stephen Mackenzie,* and  others.     In 
each of two fatal cases recently under the care of Dr. Hunt 
late of Wolverhampton, retinal haemorrhages were present 
and numerous.*     The extravasations are for the most part 
striated, and adjacent to vessels, and most abundant in the 
neighbourhood of the optic disc.     In a case recorded  by 
GroodhaiV a large subretinal extravasation was present, and 
was thought to be in the choroid.    It had a white edge  and 
white spots have been seen in connection with the retinal 
hemorrhages in this as in other affections.    The occurrence 

1 "Arch. f. Ophth.," vol. xxiv. 1878, 
2 "Gaz. Hebd.," 1877, No. 23. 
» "L'Union Mid.," 1870. 
4 "Med. Times and Gaz.," 1877 292. 
5 Oral communication. 
s "Lancet," 1878, i. p. 123. 
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of extravasations into the retina indicates a severe, but 
not necessarily fatal, degree of the disease. The haemor- 
rhages may disappear, and be replaced by others, and the 
patient may ultimately recover. Haemorrhage into the 
choroid was also found post-mortem by Rue, in a case in 
which a large number of retinal extravasations were observed 
during life. The latter may cause considerable amblyopia 
if numerous, and, as in other cases, if near the macula lutea, 
may damage central vision. 

SCURVY. 

Retinal haemorrhages have been found in scurvy, but less 
commonly than in purpura ; perhaps because they have not 
been looked for. They are, as in purpura, commonly in the 
neighbourhood of the optic nerve. In one case recorded by 
Wegscheider,1 numerous small extravasations into the brain 
co-existed. 

DISEASES  OF  THE  LUNGS. 

Pulmonary affections rarely cause ocular troubles. Em- 
physema of the lungs may lead to mechanical congestion 
of the venous system generally, which may be conspicuous 
in the eye. The same influence has been ascribed, but on 
vury doubtful grounds, to phthisis, in which amblyopia 
occasionally occurs. Schmall mentions that he has often 
seen a more or less lively injection of the fundus in this 
disease, and that he found visible arterial pulsation in five 
cases.2 Tubercles in the choroid may be met with in cases 
of acute tuberculosis, but never when the tubercular affection 
is confined to the lungs. Acute pneumonia is said, in one 
oase, to have been associated with neuro-retinitis. A febrile 
intense bronchial catarrh in a young woman, with much 
cyanosis, was observed by Litten3 to be accompanied with 

1 " Deutsche Med. Wochenschr.," JSTos. 17 and 13, 1877. 
a "Graefe's Archiv.," xxxiv. i. p. 37 ; " Ophth. Rev.," 1888, p. 268. 
* "Charite Annalen " for 1876.    Berlin, 1878. 
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neuro-retinitis, in and around the papilla, of gradual develop- 
ment and with numerous extravasations, some with white 
centres, near the equator of the eye. Many of the extrava- 
sations were regularly arranged, and situated uponsmal 
veins; and he suggests that the changes were probably set 
up by the great distension of the veins. The retinal affec- 

tion subsided with the bronchitis. 

DISEASES OF THE DIGESTIVE OBGANS. 

The occasional effect of haemorrhage from the stomach and 
intestine has been already described.    Galezowski * associates 
atrophy  of the optic  nerve,  in   some  cases,   with   chronic 
gastric troubles.    He has described several remarkable cases 
in which  great improvement occurred in amblyopia,  pre- 
viously obstinate, on correcting gastric or intestinal troubles 
Iu some cases there was also tenderness of the lower cervical 
spine      Chronic diarrhoea may also, in the opinion of the 
same author, lead  to  a " perivascular retmitis,"   m which 
an infiltration of the retina, causing opacity, may  extend 
around  the  vessels.     The   association   of  these   conditions 
has not, however, been generally recognized. _ 

Constipation is regarded by Eales2 as having been in- 
fluential in causing retinal haemorrhage in a series of cases 
observed by him. All were young men, with slow pulse and 
high arterial tension, and two had a slight trace of albumen 
in the urine. The extravasations were chiefly m the left 
retina, roundish in form as if in the deeper layers. He 
speculates that the constipation may have been due to or 
accompanied by vaso-motor spasm in the abdominal vessels, 
sufficient to cause a general increase of arterial tension. 

Jaundice—The changes in the blood from jaundice, from 
any cause, may occasion retinal haemorrhage.3    Jiiger says 

i "Journ.   d'Ophthalmologie,"  March,  1872.      " L'Union MM.," 1876, 

L ^''Birmingham Medical Keview," July, 1880, p. 262. 
3 Litten : " Zeitsch. f. Klin. Med.," v. i. p. 319. 
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that the blood in the vessels may have a yellowish tint, but 
the appearance is probably due to a tint in the media, such 
as in rare cases causes yellow vision. 

DISEASES OF THE SEXUAL OEGANS. 

Sexual excess in men has been said to cause atrophy of the 
optic nerve, but the evidence in support of the relation of 
the two is not strong. 

Sudden suppression of the menses has been observed to be 
followed by acute optic neuritis, such as accompanies menin- 
gitis, and often attended with unpleasant sensations in the 
head. The occurrence of the neuritis is probably analogous 
to the occasional production of other acute changes in the 
nervous system, such as acute myelitis, from the same cause. 

In chronic menstrual irregularities, optic neuritis, of chronic 
course, has been found, and occasionally other disturbances, 
such as retinal haemorrhages. It is probable that in most 
cases of this character the two conditions—the ocular and 
menstrual disturbance—are related to a common cause. In a 
case recorded by Spencer Watson retinal haemorrhages with 
high arterial tension occurred at the climacteric period (see 
p. 28). 

The occurrence of loss of sight, sometimes with neuritis, 
after uterine haemorrhage has been already mentioned (p. 237). 

In pregnancy, albuminuric retinitis is occasionally de- 
veloped. Under the title " amaurosis by reflex irrita- 
tion," Landesberg1 has related two remarkable cases of 
amblyopia, with limitation of field, coming on in pregnancy. 
In one case the affection of sight quickly passed away; in 
the other it was accompanied by hemianaesthesia, and cyclitis 
developed, which necessitated enucleation. A similar con- 
dition has been observed, apparently due to menorrhagia. 
The nature of these cases is obscure. Although most cases 
of affection of sight from pregnancy are produced through 
the  agency  of  albuminuric retinitis, it  would  seem  that 

i " Arch. f. Ophth.," xxiv. pt. 1, p. 161. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



TUBERCULOSIS. 257 

more direct influence is sometimes exerted. Loring1 lias 
described a case in which each of three pregnancies was 
accompanied with failure of sight, the first two in the outer 
half of one field, the last in the outer half of each, with 
general impairment of vision. 

DISEASES OF THE SKIN. 

It has been said by some, especially by Mooren, that 
general skin diseases may be accompanied by inflammation 
of the retina and papilla ; that eczema of the head may be 
accompanied by optic neuritis, ending in atrophy. The 
statement has, however, received no confirmation, and the 
relation of the two conditions must be considered as 
exceedingly doubtful. If such a sequence occurs, it is 
possibly by the production of a local orbital cellulitis. The 
suppression of a customary cutaneous discharge, such as 
that of eczema, has also been said to cause neuritis, but the 
statement needs corroboration. 

A case of slow atrophy of both optic nerves, associated 
with a general herpetic eruption on the skin, diagnosed by 
Hebra as " chronic herpes zoster," has been recorded by 
Hubsch.2 But the patient passed through a condition of 
delirium to one of imbecility, and the atrophy was probably 
part of a widely spread degeneration of the nervous system, 
of which the skin eruption may have been an effect. 

CHBONIC GENEBAL DISEASES. 

TUBERCULOSIS. 

The   grey  granulations  which constitute the anatomical 
lesion in tuberculosis may form in the vascular structures of 
the eye, chiefly in the choroid, rarely in the iris and retina. 

i "New York Med. Jour.," 1883, p. 59. 
2 "Ann. d'Oculist.," 1872, p. 239. 
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When present in the fundus, they may readily be seen with 
the ophthalmoscope.1 

Tubercles in the cl/oro/'d (Fig. 77) appear to the ophthal- 
moscope as white, yellowish-white, or reddish-yellow spots, 
usually isolated, and more or less rounded in form. 
They are palest in the centre, and commonly redder on 
their outer portions, and the peripheral redness passes 
gradually into that of the adjacent choroid. They com- 
monly develope in the substance of the choroid, and the 
pigment and vessels atrophy before the growing nodule, 
first, and more completely, at the centre, so that the 
diameter of the tubercle on section may be found to be 
twice or three times as great as that of its exposed portion 
(Fig. 78). In size they vary from one-third of a millimetre, 
to two, or two and a half millimetres, i.e., from about one- 
fourth to half or three-quarters the diameter of the optic 
disc. The larger sizes are rare. Occasionally several are 
aggregated together to form a mass which may be the size 
of the disc or even larger—seven or eight millimetres  in 

FIG. 77. 

FIGS. 77—79.—TUBERCLES OF THE CHOROID FROM A CASE OF ACUTE 

MILIARY TUBERCULOSIS IN A CHILD. 

FIG. 77.—The front of the eye has been removed, and the retina is drawn 
over to the left. Six tubercles are seen, varying in diameter from 1 to 
4 mm. ( x 2). They are prominent in the darker periphery, the pigment- 
epithelium over the choroid is intact, and where it has disappeared the 
tubercle appears within. 

1 That tubercles occurred in the choroid as a post-mortem observation has 
long been known. They were described by Autenrieth in 1808. They were 
first observed with the ophthalmoscope by Ed. Jager in 1855. 
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diameter.     These larger masses project considerably  into 
the eye.     Slight prominence may commonly be recognized 
in all the larger tubercles, and assists the diagnosis.     The 
smaller ones may resemble spots of choroidal exudation or 
atrophy.     Prom the former, their rounded shape and yel- 
lowish tint distinguish them.      From   atrophy,  the tint, 
regular form, concealment of the choroidal vessels, and the 
(common) absence of any adjacent pigmentary disturbance 
are  sufficient distinctions.     They are  plainly behind the 
retinal vessels.    In structure they consist of the same lym- 
phoid cells as constitute the granulations elsewhere.     The 
cells are distinct in the periphery, degenerated in the centre 
(Fig. 79).     Extravasations of blood existed in the substance 
of a granulation in one case examined by myself.      The 
tubercles are situated chiefly at the middle of the fundus, 11 

FIG. 78. 

FIG. 78.—Section of two of the smaller of these tubercles. They occupy 
the whole thickness of the vascular layer, pushing forward the pigment- 
epithelium, and, in the case of the right hand one, breaking through it. 

(x 30.) 

FIG. 79. 

FIG. 79.—One half of a tubercle, which has caseated. Above it, in the centre, 
where it has a granular aspect, the pigment-epithelium has disappeared 
towards the centre, and below are the deeper pigment cells of the choroid. 
(x 100.) 
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not far from the optic nerve entrance. TJsua]ly only three or 
four are present; sometimes, however, as many as twelve or 
twenty or even fifty (Colmheim). They may form rapidly, 
and, according to Strieker, may become recognizable in from 
twelve to twenty-four hours. But it must be remembered 
that they attain a considerable size, without disturbance of 
the epithelium, and the partial removal of this may rapidly 
increase their distinctness. 

The tubercles begin as minute points, "masses of lym- 
phoid cells," and develope in the structure of the choroid, 
advancing towards the retina until they cause atrophy of 
the pigmentary layer over the choroid, and become ophthal- 
moscopically visible. When the tubercles are large and grow 
rapidly, the pigment frequently remains on their surface in 
the form of spots. 

Choroidal tubercles occur in both children and adults, 
and in the chronic as well as in the acute forms of tuber- 
culosis, but are most frequent in the acute forms. They 
are practically confined to the cases in which tubercle is 
widely distributed. Their actual frequency in these cases 
cannot yet be stated. It is evident, from the rapidity 
of their appearance, that repeated ophthalmoscopic exami- 
nation is necessary to exclude their occurrence. Cohnheim 
described them as very commonly to be found after death, 
and Litten found them (post-mortem) in thirty-nine out 
of fifty-two cases. According to most observers they are 
much less frequently to be seen during life than these 
figures would suggest. In this country, at any rate, they 
appear to be comparatively rare. As a rule, when they 
are discovered, it is not until the disease has become 
advanced. Exceptions to this have, however, been recorded 
as in one case in which they were present before fever or 
other symptoms of the disease were developed.1 Steflen 2 

again, found them, in one instance, six weeks before the 
commencement of tubercular meningitis.     In such a case 

1 Fraenkel:   " Berl.  Kl.  Wochenschr.," 1872 ;   " Jahrbuch   fur   Kinder- 
heilk.," Bd. ii. 

2 "Jahrbuch fiir Kinderheilk.," 1870. 
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they may afford great assistance to diagnosis.    Their pre- 
sence, then, is of value as evidence of general tuberculosis, 
especially in cases in which the diagnosis of acute tuherculosis 
from other acute fehrile conditions is difficult;  their absence 
is   of   no   significance.     Tubercles   of   the   choroid   often 
coincide with tubercular meningitis, but in a few cases they 
have been met with when the membranes were free from 
tubercle     It  is remarkable that the  characteristic bacilli 
cannot be found in many cases, although they have been 
readily detected in the tubercles of the membranes m the 
same subjects.    Thus out of six cases examined by Lawiord 
they could not be detected in four, after the most thorough 
investigation  in various ways, while in the  other two  he 
found them with ease.^    Haab, however, found them almost 
invariably2    In a case of choroidal tubercle, where bacilli 
could not be demonstrated, the inoculation of a gumea-pig 
with the crushed tubercle produced general tuberculosis^ 

As a rule choroidal tubercles cause no symptoms, lran- 
sient disturbances in sight have, however, been described. 
In a case related by Manz* tubercular growths perforated the 
sclerotic and appeared on the exterior of the eye. 

Occasionally, although rarely, a tubercular mass developes 
in the deeper structures of the eye, quite similar to the 
masses of the same nature which are found in the brain. 
One case, in which such growths were associated m these two 
situations, has come under my observation; optic neuritis 
was also present. A tubercular mass, with granulations in 
the neighbourhood, infiltrated the greater part of one optic 
nerve and invaded the eye, in a case described by Ohian,- 
appearing as a white prominence in the position of the 
papilla, five disc-diameters in width. 

> "Trans. Ophth.  Soc," vi.   p.  348,   where  a  summary   of the   results 

obtained by various observers will be found. 
* " Klin. Monatsbl. fiir Augen.,    1884, p. SHI. 
> Alexander:  '< Centralb. f. Augenh.," 1884, p. 161. 
J " Klin. Monatsbl.," Jan. 1881, p. 26. n„V,th   ' 
. ■• wlen. Med.  Jahrbuch," 1877, p.  559.    Sattler :  "Arch.  f.  Ophth., 

Bd. xxiv. pt. Hi. p. 127. 
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Choroidal tubercles were found by Cohnheini in a guinea- 
pig rendered tubercular by inoculation. 

Retina.—The  occurrence  of tubercles of the retina  has 
been recorded in very rare instances.    The aggregations of 
lymphoid cells which may occur in the nuclear and mole- 
cular .layers,   adjacent to   an   inflamed   disc  in  tubercular 
meningitis, have been regarded as  such,  but  their  tuber- 
cular nature is uncertain.      Unequivocal tubercles  in  the 
retina   (often   containing   giant   cells)   have   usually  been 
associated with tubercular growths in almost all the struc- 
tures  of the  eye (Perls, Manfredi), in  rare  cases  with  a 
tubercular papillitis only (Weiss, Sattler).    In the case of 
tubercle   of  the   optic  nerve  referred  to   above,   the   optic 
papilla was the seat of a large mass of caseating tubercle, 
and miliary tubercles were scattered through all the layers 
of the adjacent retina.1 

Tubercles in the eye are, as already stated, almost invari- 
ably part of general tuberculosis. In one case, however, 
they were found in all parts of the eye, although absent 
elsewhere.2 

Local deposits of tubercle in the encephalon may, as 
already described, give rise to ophthalmoscopic changes, 
producing optic neuritis, as do other cerebral tumours. In 
rare instances tubercular masses are situated in the intra- 
cranial portion of the optic nerves3 or in the chiasma,4 and 
may cause a corresponding affection of sight (probably with 
or without evidence of descending neuritis). The inflam- 
mation which accompanies the formation of tubercle in the 
meninges may also be accompanied by neuritic changes in 
the eye (see p. 173). 

In tuberculosis of the brain of guinea-pigs, artificially 
produced, Deutschmann5 has found a development of tuber- 
cles in the sheaths of the optic nerves close to the eye, 
accompanied, during life, by slight papillitis.    The disease 

1 "Arch. f. Ophth.," xxiv. pt. iii. p. 150. 
2 Weiss :  "Arch. f. Ophth.," xxiii. pt. iv. p. 57. 
s Cruveilhier :  "Anat. Path. Gen.," 1862, Bd. iv. 
4 Hjort:  "El. Monatsbl.," 1867, p. 166. 
5 "Arch. f. Ophth.," xxvii. pt. i. p. 251. 
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appeared to have resulted, not by direct continuity with 
tZ in the brain, but by the passage of a matene* rnorU 
n he sheath, and its arrest at the anterior extrennty of 
the vaginal spaee. Changes at the same spot, apparent 
tubercular, and accompanied by a V^^^o^e 
interstitial neuritis, were found in a child who had** 
of tubercular meningitis^ The changes ceased a cen metre 
from the eye.    There were no ophthahnoscopio changes 

Tubercular disease of the lungs has been described by 
some observers as accompanied by mechanic* J^10^ 
the retinal veins and by disturbed vision, but it is v ry 
doubtful whether these are in any cases related to the 

pulmonary affection. 

MORBID GROWTHS. 

■ Morbid   growths   other than tubercular are very seldom 
present  at "the same  time   in the eye and brain.    Cancer 
of  both   choroids   has,   however, been   observed   bj   Puts 
occurring   secondarily  to    a   primary   eprthehoma   of  the 

lung. 

SYPHILIS. 

ACQUIRED SiPHiLis.-The syphilitic diseases of the eye 

dm,ng their active stage, commonly come under the care o 
the ophthalmic surgeon. Their consequences m the fundus 
oculi are, however, among the appearances which the 
physician encounters most frequently in his own work, 
and which often furnish him with very useful informa- 
tion.    A knowledge of these changes is, therefore, of great 

importance^       ^ ^.^ ^ ophthalmoscope sign the 

evidence of a past attack of iritis is often.flrst discovered by 
the ophthalmoscope revealing the presence of uveal pigment 
on the anterior surface of the lens.    In the majority of case 
iritis is due to, and its traces are signs  of,  constitutional 

i " Virch. Arch.," lvi. p. 497. 
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264 MEDICAL   OPHTHALMOSCOPY. 

syphilis; and the importance of the evidence thus afforded, 
from its frequency and easy recognition, can hardly be over- 
rated. Over and over again it must have occurred to all 
physicians who use the ophthalmoscope, when looking for 
changes in the fundus oculi, to encounter these signs of past 
iritis, in cases in which syphilis had not been suspected, 
and often in which no other indication of it, in history or 
symptoms, was to be obtained. 

CJwroid.—Next to the iris, the choroid is affected by 
syphilitic disease more frequently than any other part of 
the eye. In spite of the opinions which have been expressed 
by some authorities, there is strong reason to believe that 
disseminated choroiditis is, in the great majority of cases, 
syphilitic. In its active stage, in which extensive areas of 
white exudation, comparable, in Hutchinson's opinion, to 
gummata, are the conspicuous features, it rarely comes under 
the notice of the physician. In its later stage, in which 
extensive regions of atrophy alternate with scattered stellate 
and crater-like pigmentary deposits, and sometimes with 
haemorrhages, it is often met with. It is to be remembered 
that the pigment is deposited in the retina as well, and 
care must be taken to avoid confounding the change with 
primary retinitis pigmentosa. The choroiditis of acquired 
syphilis may be either unilateral or bilateral. When slight, 
the traces of it may be detected only in the peripheral part 
of the retina towards the ora serrata. 

Retina.— Isolated syphilitic retinitis is less common than 
syphilitic choroiditis. It is characterized by areas of diffuse 
opacity, parenchymatous swelling, tortuous vessels, and a 
blurred disc. The vitreous frequently shows fine dust-like 
opacities. Sight is considerably impaired. This form also 
comes chiefly under the ophthalmic surgeon's notice. 

Optic Nerve.—Neuritis, limited to the papilla, is common 
in syphilis, as secondary to brain disease, but is very rare as 
a primary syphilitic affection, if it ever occurs. (See pp. 
151, 152.) Neuritis has, however, been met with secondary 
to a syphiloma of the trunk of the optic nerve. 

Simple atrophy of  the nerve is said occasionally to occur, 
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as the consequence of syphilis, double, unaccompanied by 
spinal symptoms (Galezowski).»     The occurrence of atrophy 
from this cause is not surprising, since there is reason to 
believe that constitutional syphilis is a powerful predisponent 
to locomotor ataxy, in its purely degenerative form.    It is 
probable that one-half the patients with ataxy would not 
suffer from the disease had they not at some previous time 
suffered from syphilis.*    This is true of cases with, as well as 
of those without, optic nerve atrophy.    Moreover, the loss of 
reflex action of the iris, which so commonly accompanies 
ataxy, may occur without spinal symptoms in cases of con- 
stitutional syphilis, as in several cases which I have seen. 
One of them presented also optic nerve atrophy, similar to 
that which accompanies spinal disease; but of such disease 
there were no symptoms ; even the knee-jerk was normal. 

INHERITED SYPHILIS.—The characteristic indication of 
inherited syphilis which is afforded by interstitial inflam- 
mation of the cornea, and a knowledge of which we owe to 
Mr. Hutchinson, is well known, and does not come withm 

the scope of the present work. , .,.,,. 
Of the deeper structures of the eye, the one most liable to 

be affected is the choroid, which is often the seat of dissemi- 
nated inflammation, in infancy or later. Scattered areas of 
atrophy may be left, associated with accumulations of pig- 
ment, just as in the form which results from the acquired 
disease. When slight, small round spots of atrophy may be 
seen, surrounded with pigment. This form is very charac- 
teristic, although rare, and, when the pigment is slight, 
is sometimes, as I have seen, mistaken for tubercles of the 
choroid The course of the choroiditis is well illustrated by 
two cases described by T. Barlow,* in one of which the 
autopsy showed also chronic syphilitic disease of the cerebral 

1 "Journ. d'Ophthalmologie," March, 1872, p. 139. 
a For the evidence on which this statement as made, see Syphilis and 

Locomotor Ataxy," "Lancet," Jan. 1881, p. 94, and the statistics of Erb 
"ferred to! and also those brought by him before the International 

Medical Congress, 1881. 
3 "Trans. Path. Soc," 1877, p. 287. 
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membranes. The choroicl presented, in each case, brownish 
flecks of exudation without disturbance of pigment or 
atrophy. The microscopical examination (by Nettleship) 
showed the chorio-capillaris beneath these flecks to be infil- 
trated with pus-like cells, and in several instances there was 
a layer of flattened cells on the surface next to the retina. 
In the other case Barlow traced the progress of similar flecks 
to a stage of atrophy, such as is seen in disseminated 
choroiditis—the condition occasionally met with later on in 
life. Several cases of this character have been recorded by 
Hutchirison.1 

A peculiar form of atrophy of the disc has several times 
come under my notice in children the subjects of this disease. 
The disc has a uniform reddish tint, the edges are not well 
defined, and the vessels are small. There has not commonly 
been any atrophy of the choroid or pigmentary accumulation. 
It is probably secondary to retinitis or widespread capillary 
choroiditis. Several times since first observing the connection 
between the two conditions, this form of atrophy has drawn 
my attention to the existence of inherited syphilis, which had 
otherwise escaped notice. Sight is usually impaired, some- 
times considerably. 

Eetinitis sometimes occurs in the inherited just as in the 
acquired disease. 

Eetinitis pigmentosa is, by some, believed to be connected 
with inherited syphilis, and an instance of the association of 
the two diseases has been described by Swanzy. Deposits of 
pigment in the retina occasionally accompany the atrophic 
changes in disseminated choroiditis, but the connection of 
true retinitis pigmentosa with syphilis is generally considered 
to be very doubtful. 

1 One is figured in the " Ophth. Hosp. Rep.," vit. PI. 4, Fig. 3. Mr. 
Hutchinson has suggested that the condition of choroidal atrophy and 
choroidal and retinal pigmentation may occur without an exudative sta^e. 
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UHROUIC RHEUMATISM. 

Chronic rheumatism has only accidental associations with 
changes in the funclus oculi. Neuro-retinitis has heen 
ascribed to " rheumatism." Probably some of the cases were 
instances of gout, with albuminuric retinitis due to granular 
kidneys It must be remembered also that the optic nerve, 
like the other orbital nerves, may be damaged by rheumatic 
inflammation at the back of the orbit (see p. 182). 

GOUT. 

The influence of gout in producing kidney disease renders 
it a powerful indirect cause of the retinal affection which 
accompanies albuminuria. There are, however other oph- 
thalmoscope changes which are to be ascribed with more 
or less probability to the gouty state of the blood. They 
are seldom seen in corresponding general conditions, except 
in persons who are the subjects of gout, so that they become 
important as evidence of a constitutional state which may 

have been previously obscure. _ 
(1) Hcemorrhagic Retinitis.-The frequency with which the 

subjects of this affection present a history of gout was firs 
pointed out by Hutchinson/  and the influence seems well 
established,   although   its   extent  is  possibly   exaggerated 
The extravasations maybe small, flame-shaped, and scattered 
over the whole fundus.    They are usually present m one eye 
only   often the left.     Hemorrhages may recur for a long 
period     Hutchinson believes that they may occur in young 
persons from inherited gout.    He suggested that their cause 
might be thrombosis in the central retinal vein, from which 
Michel has shown that extensive haemorrhages may result 
(see p  31)     The obstruction in the vein is probably only a 
very partial one, however, in many of the cases, since there 
is no   such intense nervous engorgement as has been found 

i "Trans. Clin. 8oc.,» vol. xL P- 132.    See also -Trans. Ophth.  Soc.,» 

vol. i. 1881, p. 26. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



268 MEDICAL   OPHTHALMOSCOPY. 

when the thrombosis was nearly or quite complete. Again, 
the well-known tendency to recurrence of the extravasations 
is in favour of the cause being a partial obstruction, such as 
would result from the gradual formation of a parietal 
thrombus at one or more points in the vein, in connection 
with changes in or around its walls. 

Gralezowski has also described haemorrhages leaving white 
patches of " sclerosis " as occurring in gouty persons. 

(2.) Betro-bulbar Neuritis.—We have learned that, spon- 
taneous inflammation of nerve trunks and plexuses, on one 
side only, and occurring after the age of thirty or forty, is 
seldom due to any other cause than gout. Such neuritis 
means always primary perineuritis. This would lead us to 
expect that such an influence would be exerted frequently 
on a nerve so prone to suffer from inflammation as the optic, 
but inflammation of its sheath behind the eye is less common 
in ordinary gout than might be anticipated. Acute or sub- 
acute inflammation is, however, met with in young adults in 
whom no other cause can be traced, and in whom this cause 
is never absent,—facts that confirm the relation to inherited 
gout long maintained by Mr. Hutchinson. The character- 
istics of these cases are, of course, the greater degree of affec- 
tion of sight than corresponds to the visible changes in the optic 
disc ; the tendency to irregular defects in the field of vision ; 
and the strong tendency to the affection of the second nerve, 
not by extension through the commissure, but by an inde- 
pendent symmetrical morbid process. This always proves 
a general cause. Occasionally the chiasma is invaded. The 
part of the nerve diseased, differs, and with it the affection 
of sight varies. Probably, in some cases, the affection com- 
mences at the chiasma, and simulates compression by a 
tumour. When the process is far back, no signs of inflam- 
mation may be seen within the eye, or only such as are slight 
and equivocal, but atrophy slowly supervenes. 

There is often much pain—for the subjects are commonly 
prone to neuralgia. As a rule other orbital nerves escape—a 
contrast to the rheumatic cellulitis and perineuritis mentioned 
above (p. 182). 
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LEAD POISONING. 

The eye is occasionally affected in lead poisoning   apart 
from the effects of induced kidney disease.    It may suffer m 
Ce ways.    There may be (1) amblyopia, usually transient 

Sort'ophthal-oscopic changes; (2) atrophy of the optic 

been known. Some well-marked cases were published by 
DuplaTm 1834.1 Inwhatv. Graefe called « the pre-ophthal- 
moseopic period," the transient amblyopia attracted, however 
roratte'ntion'than the graver forms of affection, so that 
Tanquerel des Planches spoke of the amblyopia as _ almost 
iuvariably  passing   away.     Optie nerve   atrophy m lead 

poJson iug - «^-£ &^M 

chants, is usually sudden in onset, and may be complete- 
It has been observed in some cases of acute saturnism after 
L short exposure to the exciting cause. It commonly^soon 
masses away, and is probably due to a direct effect of the lead 
on theTe/ve centres, analogous to the temporary—osis 
of urlia and diabetes. In one case recorded by Pane there 
wa^or some months, a periodical transient failure of sight 

at the same hour each day. 
Hem Lsthesia has been observed (chiefly on the Con- 

tinentT n consequence of lead poisoning. It is apparently 
of func^nal origin, and may be due to the same mechanism 
°a the transient amblyopia. The two eoWedm.ask- 
able case which has been recorded by Landoh- although in 

-   ::: wt 2s. ▼Si^««, K- «ana 7.«•. ™* -* * s 
from th    a'ccount of the ease, whether neuritis was present or not.    The 
disc isSok^f as being grey and having lost its transparency. 

s "L'UnionMed.,"No. 78. 
4 « Ophth. Hosp. Rep.," vol. vii. p. 6 
■ « Ann. d'Ocnlistique,» vol. lxxxm. March, 1880, p. 165. 
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270 MEDICAL   OPHTHALMOSCOPY. 

this case it is very doubtful whether the symptoms were due 
entirely  to  functional   disturbance.    Hemiplegic weakness, 
hemianoesthesia, and amblyopia came on together.    The loss 
of power lessened, but the loss of sensibility and affection of 
sight persisted.    Six months later, the field of vision of the 
eye on the affected side presented slight peripheral limitation 
and a central scotoma with  complete loss of colour-vision. 
The other field presented two concentric annular scotomata 
with partial loss of colour-vision, blue, violet, and yellow being 
lost, red and green not lost.    Acuity in each was reduced to 
counting fingers.    The discs were merely greyish red in tint, 
the veins large.    The application of an electro-magnet is said 
to have restored sensibility to the side, to have restored colour- 
vision, and to have improved acuity, but the scotomata re- 
mained till the patient resumed his work and was lost sight of. 

Stood1 has published several cases where there was pro- 
gressive concentric contraction of both fields, both for white 
light and for colours.    Sometimes there was slight neuritis. 
Central scotoma was present in a few cases only. 

(2.) In amblyopia of long duration it is common to find 
the signs of atrophy of the optic nerves. The discs are sharp- 
edged, pale, and often greyish, the arteries small. It is said 
that the atrophy may be from the first unattended by vascular 
changes (Horner). In a considerable number of cases, how- 
ever, which have been seen in an early stage, a condition 
of simple congestion of the discs has been found. The tint 
is uniformly red, with softened edges, with little or no 
swelling. Gradually the redness fades, and a reddish-grey 
atrophy results, often with distinct white lines along the 
narrowed vessels. Sight has been much affected in all the 
recorded cases, the acuity of vision impaired, and the field 
presenting a central or peripheral defect. The loss commonly 
progresses until even quantitative perception of light may 
be lost. This congestive atrophy is usually double, but, as 
a case recorded by Hutchinson shows, the affection of one 
eye may precede that of the other. 

i a Arch. f. Ophth.," 1884, iii. p. 215. 
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(3 ) Occasionally   cases   of  lead poisoning  present much 
more pronounced inflammatory changes-considerable papil- 
litis  with   swelling,  obscuration of the   edge   of  the  disc, 
concealment of vessels, and hemorrhages, especially at the 
margin of the swelling.    The arteries beyond the swelling 
are commonly narrow;   the veins may be distended, or of 
normal size.    An instance of this form of neuritis is shown 
at PI Y1I  6     The affection is almost always double, and 
usually entails considerable amblyopia.    There is reason to 
believe,   however,   that  slight  degrees  of  neuritis are_ not 
uncommon in lead poisoning without any affection of sight. 
I have seen one such case, and the general use of the oph- 
thalmoscope in medical practice will probably show it to be 
not  an  infrequent occurrence.     Pronounced  neuritis  may 
subside into atrophy having the characters of "consecutive 
atrophy," leaving a dull-white, full-looking disc, with narrow 
arteries.    Or the neuritis may clear and sight be recovered 
In a case recorded  by  Schrceder,  there  was  well-marked 
papillitis with hemorrhages, without any pronounced cerebral 
symptoms,  although there  was   some  palsy   of both  sixth 
nerves     There was no central scotoma.    Eapid improvement 
occurred  under  treatment.    It is  important  to  remember 
that the affection of sight in these cases may be m part due 
to the direct effect of the lead.on the nervous system, which 
has been already mentioned.    This is the more likely when, 
as in many recorded cases, loss of sight comes on suddenly. 
The transient amblyopia, mentioned above, has been noted 
in association with neuritis1 as well as with normal ophthal- 

moscopic appearances. _ 
These ocular changes commonly occur in chronic cases oi 

lead poisoning, which have presented toxic symptoms tor 
some time, often for years, previously, and they may coin- 
cide with an increase of the other symptoms. It must be 
remembered, however, that the manifestations of lead are 
very irregular, and any one may be absent or may alone be 
present.    In  cases  of very recent intense lead poisoning, 

i A case reported by  Strieker from  Traube's  Clique,   and  quoted  by 

Abadie ("Mai. desYeux"). 
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toxic amblyopia and neuritis are apparently more common 
than atrophy. A case in which neuritis, going on to atrophy, 
occurred in a girl of seventeen, after four years' work in a 
type foundry, has been recorded by Hirschberg.1 She suf- 
fered also from various nerve-troubles. 

In many cases of lead poisoning the occurrence of neuritis 
coincides with symptoms of cerebral disturbance, headache, 
convulsions, delirium,2 &c. The case figured in PL VII. 6 
presented, at the same time as the neuritis, much mental 
disturbance, and both symptoms passed away together. In 
a fatal case of this description, recorded by K. Atkinson,3 

there were no naked-eye changes in the meninges or brain, 
but lead was found in it in quantity equivalent to five grains 
in the whole brain. This association of cerebral disturbance 
with optic neuritis in these cases is probably more than a 
coincidence, and the analogous fact as regards albuminuric 
neuritis (p. 222) may be borne in mind. 

The diagnosis of saturnine atrophy and neuritis rests 
especially on the recognition of the signs of lead poisoning, 
the line on the gums, the occurrence of gout, of colic, of 
wrist-drop, and the presence of anaemia. It is only by these 
symptoms that the neuritis can be distinguished from that 
of primary encephalic affections. The possibility of a renal 
neuritis in cases of lead poisoning must be borne in mind. 
It is highly probable that in at least one published case the 
retinal change was due to the albuminuria rather than to the 
lead. Albuminuric retinitis is not uncommon in cases of 
chronic lead poisoning of long duration. Again, an intra- 
cranial syphilitic growth may coexist with lead poisoning, 
and give rise to ocular symptoms, and as the ordinary treat- 
ment for lead poisoning may cause the disappearance of the 
syphilitic lesion, the error of attributing the ocular conditions 
to the toxic influence of the lead may very easily be made. 

1 "Arch. f. Augenkrankheiten," 1879, p. 9. 
2 This is an old observation. Tanquerel des Planches described saturnine 

ainaurosis as the accompaniment of encephalopathia and colica satumina, and 
stated that in cases of this kind no material change is to be found in the 
brain ("Traite des Mai. de Plomb.," 1839, toni. ii. pp. 211 and 235). 

3 " Lancet," 1878, i. p. 784. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



CHRONIC  ALCOHOLISM. 273 

The prognosis in all forms of change in the optic disc must 
be cautious. It is least grave in the case of toxic amblyopia, 
next in cases of pronounced neuritis, especially of acute 
course, less so in cases of chronic congestive change, and in 
pronounced atrophy it is very unfavourable. Of fourteen 
cases of various forms, collected by Lespille-Moutard,1 nine 
progressed to blindness. 

The treatment is essentially that for the general state, 
but local applications, leeching and counter-irritation, have 
appeared useful in some cases. 

CHRONIC ALCOHOLISM. 

Atrophy of the optic discs, sometimes of one only, some- 
times  of  both, is occasionally met with in the subjects of 
chronic alcoholism, to which it is apparently due.    It is said 
to occur especially in sedentary drinkers, to be more com- 
mon on the Continent than in this country, and to result 
from smrit-drinking rather than from wine.    Hence, accord- 
ing to* Eominee,2 it is much more common in the north of 
France, where much cheap brandy is consumed, than in the 
^vine-producing  districts  of the  south.      Amblyopia may 
precede any ophthalmoscopic change, and is characterized by 
a central dimness or defect (Forster), very similar to  that 
met with from tobacco,3 but said to be more, exactly central 
(Hirschberg).    Before there is recognizable defect for white 
light, a defect for red may be discovered, extending from the 
fixing point to the blind spot and a little beyond each.    To 
detect it in slight cases  the ordinary  colour tests do   not 
suffice, since the coloured object should not be more than five 
millimetres in diameter.    Extensive loss of vision for certain 
■colours, as green   and  violet, has   also  been  described  by 

i " These de Paris," 1878. 2 " Recueil d'Ophth., 1881," Nos. 1, 2. 
3 It should be remarked that the symptoms here described (in accordance 

with the opinion of most authorities) as due to alcohol, are believed by some 
to be met with only in drinkers who are smokers, and to be really due to 
tobacco. See Nettleship, " St. Thomas's Hosp. Rep.," 1879. If the fact is 
true that smokers who drink suffer less from tobacco amblyopia than do 
abstainers from alcohol, additional doubt is thereby cast on the influence of 
the latter in causing the same symptoms. 
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Gralezowski as a symptom of retinal anaesthesia, in some cases 
of chronic alcoholism. It is probable, indeed, that the per- 
ception of green is commonly lost as well as that of red, both 
colours appearing grey.1 

A stage of congestion, before the onset of the atrophy, has 
been described by Allbutt and others. The appearances were 
generally those already described as " Simple Congestion " 
(p. 44), uniform redness of the disc, with softened edges. 
The disc gradually becomes paler, and ultimately passes into 
white or greyish atrophy, often with small vessels. Uhthoff- 
examined a thousand cases of severe alcoholism in inmates of 
asylums, and found that 13-9 of these suffered from patho- 
logical whiteness of the temporal half of each disc, with a 
central scotoma in every case. He found this condition in 
only one out of a hundred apparently healthy men, whom 
he selected for comparison. Moreover, Moeli3 has stated that 
he has detected changes in the optic disc in 15 per cent, of 
the cases of delirium tremens examined by him. When 
the condition of the nerve has been ascertained by micro- 
scopical examination, granular degeneration of the nerve 
fibres has been found in some cases. Out of seven cases 
examined post-mortem by Uhthoff, two showed distinct 
interstitial neuritis, with marked increase of the connective 
tissue. The changes were most distinct just behind the 
globe, and did not extend far back. I believe that con- 
gestion, sometimes with slight oedema, is occasionally to be 
recognized in the cases of chronic alcoholism. It is, no 
doubt, an analogous condition to that change in the meninges 
which leaves the thickening and opacity often to be found 
after death. 

The progress of the atrophy is slow, and the prognosis 
better than in many other forms; considerable good being 
effected, especially in the pre-atrophic stage of amblyOpia, by 
strychnia and tonics. Complete recovery of vision may take 
place, although the pallor of the disc continues.4 

1 Nuel:  "Ann. d'Oculistique," Sept. 1878. 
2 "Ophth. Rev.,"vii. p. 100. 
3 "Neurol. Centralbl.," 1884, p. 260. 
4 Berry:  "Ophth. Rev.," iii. 1884, p. 101. 
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In a fatal case of alcoholism, Lawford found during life 
widespread cloudiness of the retina, with normal discs, and 
without any central colour scotoma. After death the retina 
of one eye was examined hy Edmunds1 and himself; there 
was oedema of the nerve-fibre and ganglion-cell layers, and 
in the outer nuclear layer there were spaces, filled with a 
clear effusion, between the Mullerian fibres. In a case of 
severe alcoholic paralysis related by Ord,2 well-marked 
double retinitis was found, with white patches. 

In acute alcoholism, ophthalmoscopic changes are not 
commonly present. In one case Jager found a condition 
of diffuse retinitis, with numerous hemorrhages, in a patient 
suffering from delirium tremens. This was undoubtedly an 
exceptional complication, but we need more facts regarding 

slight changes. 

TOBACCO POISONING. 

The occurrence of defective sight from tobacco smoking 
was described in 1854 by Mackenzie, who was inclined to 
attribute most cases of amaurosis to this cause. The subject 
attracted little attention until Hutchinson,3 in 1864, brought 
forward facts to show that amblyopia, accompanied by slight 
ophthalmoscopic changes, often results from this cause, while 
Fcirster4 and Hirschberg5 have demonstrated that the 
affection of sight uniformly presents special characteristics. 
The relation between these symptoms and tobacco smoking 
has indeed been doubted by some writers, but must be 
regarded  as   now   among   the   best   established   facts   of 

ophthalmology.6 

Fiirster has remarked that the sight suffers from tobacco 

i "Trans. Ophth. Soc," ix. 1889, p. 137. 
"- "Lancet,"   Feb.   11,   1888;   see also Sharkey,  "Trans.   Path.   Soc.  of 

^■ffCV 1864; see also " Med.-Chi, Trans.," 1867; 

" Ophth. Hosp. Rep.," 1871 and 1876. 
* Graefe u. Saenrisch's "Handbuch," vol. vn. p. 201. 
s "Deutsche Zeitschrift f. Prakt. Med.," 1878. 
6 For an excellent resume of what is known on the subject, see >ettl«hip s 

"Notes on the Diagnosis of Tobacco Amblyopia," "St. Thomas s Hosp. 

Rep." 1879. 
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generally between thirty-five and sixty-five years of age, 
and believes that tobacco is not so well borne during the 
second half of life as during the period of full vigour. 
Several of Hutchinson's cases, however, were under thirty. 
Mental trouble, with its accompanying sleeplessness and loss 
of appetite, seems often to be the determining cause of the 
poisoning in men long habituated to the use of tobacco, and 
that even where there is no history of a. recent increased 
indulgence. It has been thought that the disease occurs 
more frequently among abstainers from alcohol than among 
those who take alcohol, and some facts mentioned by Nelson1 

seem to show that in the latter the affection may come on 
more slowly. 

The failure of sight is gradual and usually equal in both 
eyes, unaccompanied, as a rule, with headache or other 
cerebral symptoms. It is nearly always more marked in a 
bright than in a dull light. The characteristic of the failure 
is the presence of a defect in the centre of the field of vision, 
a " central scotoma," transversely oval or oblong, extending 
from the fixing point to the blind spot, and often embracing 
both. It is a relative, not an absolute scotoma; there is 
dimness, not loss, of sight, and the failure is greater for 
certain colours (green and red) than for white. If the defect 
is slight, the coloured object must be of small size in order to 
detect it. The scotomata are symmetrical, or nearly so, in the 
two eyes (see Figs. 60, 61, p. 126), and seem to begin most 
commonly at or near the fixing point (Leber, Treitel, Nettle- 
ship). Nelson, however, has described a case in which the 
scotoma surrounded the blind spot and the fixing point was 
free. The variations in the exact limits of colour fields in 
different individuals and with different degrees of illumina- 
tion render it uncertain whether there is a peripheral 
limitation of these fields; such limitation is certainly not 
always present, but probably may be in severe cases (Treitel, 
see also Fig. 59, p. 126). The symmetry of the scotomata 
is anatomical, not functional, and indicates a morbid process 
in the orbital portions of the optic nerve, doubtless in its axis 

1 " Brit. Med. Jour.," 1SS0, ii. p. 774. 
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(see p 123). Sometimes a stage of simple congestion, a 
« hazy disc," slight uniform redness, with soft edges, without 
noticeable swelling, may be the first change. In exceptional 
instances, slight papillitis, with a few small retinal hemor- 
rhages near the disc, has been found; in these cases the 
failure of sight has been unusually rapid, and there has been a 
history of recent great excess in tobacco. Later there is a 

slight degree of atrophy. 
The treatment consists essentially in the removal of the 

cause. Tonics and hypodermic injections of strychnine are 
also of use, especially in the pre-atrophic stage. Hutchinson 
believes the prognosis in most cases to be good, three-fourths 
of his cases having recovered, or presented great improve- 
ment in sight.    Age does not render the prognosis worse. 

QUININE. 

Quinine in large doses may cause complete temporary 
amaurosis.    Many well-marked cases have been recorded.- 
The amount of quinine which caused the symptoms varied 
from a minimum of 80 grains in thirty hours, to a maximum 
of 1,300 grains in three days.    In most of these casesthe 
quinine was given for malaria, but that the affection of sight 
was due to the former, and not to the latter, is proved by the 
definite and peculiar character of the symptoms, and by the 
fact that, in some other cases, the patient was not suffering 
from any disease, and the quinine was taken by accident. 
In all the cases the loss of sight was at first complete, and was 
associated with loss of hearing.    The deafness soon passed 
away,  usually in twenty-four  hours.    The blindness con- 

i For much valuable information on this subject  the reader ******* 
the  "Report on Toxic Amblyopia," "Trans.  Ophth. See.,"   vol. Til. 1887, 

P'*8Giacomini : "Ann. Univers. di Med.," 1841 ; Graefe : '• Archf. Ophth.,'- 
iii pt p 396 ; Roosa: "Archives of Ophthalmology," vol. m. p. 3, and 
ix! p .' l; Gruening: ibid. vol. x. pt. 1, p. 81 ; Vorhies : " Trans American 
Med Assoe," 1879; Michel: " Archives of Ophthalmology, x. pt. 1, 
pl6102 , ll Knapp ='ibid. x. pt. 2, .p. 220. The last paper con ams a very 
full discussion of the subject. See also papers by Browne, J™*?^ 
Soc," vol. vii. p. 193 (with references to previously recorded cases), and 
Kettleship, in same volume, pp. 218, 219. 
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UD i: 

tinued for a longer time, which varied according to the dose. 
Central vision returned to the normal in a few days, weeks, 
or months, but the peripheral vision continued lost for a 
very long time.    This contraction of the visual field after 
the return of central vision seems to be invariable, and the 
restricted field is usually transversely oval.    Colour-vision is 
also   impaired.    The pupils are dilated, and  during total 
blindness are irresponsive to light, but act to accommodation 
(Grruening).    The ophthalmoscope has shown pallor of the 
disc, and in all cases a remarkable  diminution in size of 
the retinal vessels, which may be reduced to threads, and 
emptied by the slightest pressure on the eye.    A cherry-red 
spot at the macula has been noticed (Grruening).    Yorhies 
found  the  choroidal  vessels also empty.    In  the  case  of 
Giacomini, where three drachms were taken at a single dose, 
there was loss of consciousness at the onset.    In all cases 
a considerable degree of  recovery has ultimately occurred. 
In the most severe case (Michel), in which seven drachms of 
quinine were taken, there was no improvement for several 
months, and it was thought that sight was permanently lost; 
nevertheless, fifteen months afterwards acuity of vision was 
nearly  normal,  although the fields were much   restricted. 
The vessels had increased in size, but were still much below 
the normal.    Eecovery in six weeks has followed a dose of 
five drachms.    Whilst the symptoms are passing off, relapses 
may be produced by insignificant doses of quinine. 

BISULPHIDE OF CARBON. 

Bisulphide of carbon was the apparent cause of a " peri- 
neuritis," ending in partial atrophy, in a case recorded by 
Gralezowski.1 Atrophy of the optic nerves is also seen, not 
very rarely, among the workers in india-rubber factories, 
in which bisulphide of carbon is used. A special committee 
of the Ophthalmological Society (consisting of Messrs. 
Frost, Grunn, and Nettleship) was appointed to investigate 
this form of  toxic amblyopia, and in their very valuable 

i Galezowski: " Des Amblyopies et Amauroses Toxiques," p. 141. 
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Ivstem     In most cases examined there was a distinct centra 
S J-'scioma, and the ophthalmoscope showed pal or and 
to of the edge of the optic disc, with loss of trans- 
plnc? of the retfna for some distance from the disc. 

OTHER POISONS. 

==?5i£«saMts fas 

poisoning nothing is known. _ changes in 

salicylate of soda.4 

ACUTE  GENEBAL DISEASES. 

TYPHUS FEVER. 

, ..Tr..».Ol1htb.Soc.,-.ol.>M68S,^l».. 

; - -2Z s «j^—- - «-"-"; 
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one or both optic nerves has been found.    In some of these 
cases there have also been cerebral symptoms, as in a case 
recorded by Benedikt, in which left hemiplegia was accom- 
panied by atrophy of the right optic nerve.    In such cases, 
probably, the atrophy was the result of a cerebral lesion.    In 
other cases there were no symptoms except those in the eye, 
and a primary affection of the optic nerve appeared to have 
occurred.    In some cases these ophthalmoscopic changes have 
been those  of  simple   atrophy,   but  in   others, where   the 
affection of sight  was   first   noticed   during   convalescence, 
optic neuritis has been found.1    In a case at Great Ormond 
Street Hospital, marked papillitis was found by Penrose and 
Gunn during the height of the fever.    Of the origin of the 
neuritis nothing is known. 

TYPHOID FEVER. 

The occurrence of amblyopia and amaurosis during conva- 
lescence from typhoid is well established,2 although rare. It 
may or may not be attended with ophthalmoscopic changes. 
In the latter case the prognosis is favourable; the affection 
usually passes away in the course of two to eight weeks. 
The form of amblyopia varies; anaesthesia of the retina has 
been observed by Leber, and an annular defect in the field 
by Hersing. 

When ophthalmoscopic changes have been observed, there 
has been simple atrophy, single or double, without preceding 
inflammation; or double neuritis may be present, ending in 
atrophy, partial or complete, or less commonly in recovery. 
Hutchinson has, for instance, recorded3 the case of a boy 
whose sight failed at three years and a half, two to four 
weeks after a fever with diarrhoea and headache, a sister 
having suffered from similar symptoms at the same time. 
Symmetrical neuritis was found, and ten  years later white 

1 Teale : " Med. Times and Gazette," May 11, 1867.    Chisholm :  "Ophth 
Hosp. Rep.." vol. vi. p. 214. 

2 Nothnagel :  " Deut. Arch, fur EX Med.," 1872, ix  p  480 
;; "Ophth. Hosp. Rep.," ix. p. 125. 
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atrophy with small vessels.    The neuritis  is   so  rare  that 
Leber suggests, as Stellwag v. Carion had suggested long 
before,* that  the   cases  in  which  it  is found may really 
have been cases of meningitis which  have  been  mistaken 
for  typhoid fever-an   error   not   very   rare._   It must,  be 
remembered, however, that neuritis does occasionally follow 
other  acute  specific   diseases.    It   has   been  thought  that 
the cases accompanied by hyper^mia of the discs are cases 
complicated   by    meningitis;   but   meningitis,   except   aa 
secondary  to suppuration in the   ear, is  exceedingly  rare 
in typhoid fever.    Sir William Jenner has  informed  me 
that he has never seen it.    It does not  appear  from  Dr. 
Murchison's work on Fevers, that he had ever   met   with 
a case.    To  infer  meningitis  in   consequence  of  extreme 
delirium or coma is certainly not warranted by pathological 

a Extreme narrowing of the retinal arteries, on both sides, 
with pallor of the disc and loss of sight, was found by 
Heddaens2 in a case of great emaciation after typhoid On 
good food the arteries regained their normal size, but the 
disc remained pale, and sight did not improve beyond ^. 

Galezowski3 and Snell* have observed embolism of the 
central artery of the retina during convalescence from 

typhoid. 

EELAPSING FEVER. 

It is well known that extensive intra-ocular inflammation 
is apt to follow relapsing fever. Trompetter5 found it in 
21 out of 325 cases, or six per cent. There was inflammation 
of the choroid and ciliary body with hypopyon, but without 
iritis There were also opacities in the vitreous, amblyopia, 
and limitation of the field.    Its origin is doubtful.    Throm- 

i " Ophthalmologie," Bd. ii. Abt. I. 1855, p. 662. 
> "Monatsbl. fur Augenheilk.," Aug. 1865. 
a "Traite Iconograpliir]ue," p. 188. 
4 "Ophth. Eev.,"i. p. 403. 
f  "Klin. Monatsbl.," April, 1880, p. 123. 
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bosis in vessels or embolism from the spleen has been assumed 
as its cause (Blessig, quoted by Trompetter). 

MEASLES. 

Amblyopia, without ophthalmoscopic changes and ulti- 
mately improving to the normal, has been seen, as a sequel 
to measles, by v. Grraef e and ISTagel; in some cases accom- 
panied by cerebral symptoms, convulsions, and sopor. Nagel 
has also met with three cases of optic neuritis after measles, 
but in the epidemic in which they occurred there were many 
•cases of meningitis. In three other cases lately recorded 
by Wadsworthl there were also symptoms of meningitis. 
Dr. Stephenson 2 has recently reported a well-marked case of 
optic neuritis after measles, without any symptoms indicative 
of meningitis. The observation is valuable, since the eyes 
were examined shortly before the attack, and the fundi found 
normal. The discs have become paler than formerly, Dr. 
Stephenson writes, but are not completely atrophied, and 
there is still good vision. As Forster remarks, the common- 
ness of the disease, and the rarity of affections of sight in it, 
show that the connection between the two cannot be a very 
close one. 

SCARLET FEVER. 

The frequency with which renal disease accompanies and 
succeeds scarlet fever renders affections of sight not very 
rare consequences of the disease. Occasionally, however, 
they arise independently of any renal disturbance. 

[Jrsemic amaurosis is common in scarlatinal dropsy.    It 
comes on suddenly, when the renal disease is at its height, is 
commonly complete, double, unattended by ophthalmoscopic 
changes, and passes away.    Occasionally, cerebral symptoms 
accompany it—convulsions, and, in rare cases, hemiplegia, 
from  a  cerebral  thrombosis   or   embolism,  which   persists 
after the cessation of the convulsions,  and the return of 
sight. 

i  " Boston Med. and Surg. Journal," vol. eiii. p. 636. 
2 "Trans. Ophth. Soc," vol. viii. 1888, p. 250. 
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Neuro-retinitis  has, however,  heen  observed to  succeed 
scarlet fever when there has heen no renal disease or albumen 
in the urine.    Betke1 has recorded a case m which there was 
great dimness of sight seventeen days after desquamation 
There ks no alhuminuria, hut a marked neuro-retinitis was 
found on ophthalmoscope examination, less developed m the 
right eye than in the left.    There was no sign of meningitis 
past or present.    The neuritis entirely disappeared, and sight 
las restored in  eight  weeks.     A  similar  ease has been 
recorded by Pfliiger.*    A child, ten years old, became blind 
Tee weekl afte/an attack of scarlet fever, the loss of sight 
being complete at the end of three or tour day*    During 
the fever there had been considerable headache    When sigh 
was lost, double  papillo-retinitis was found to an*    The 
Irteries were narrow and tortuous, with   slight  pulsation 
the veins were dilated; there was considerable swelling, and 
le hemorrhages existed.    A month later sight had much 
improved, but four months after it was not quite normal, and 
the neuritis had not entirely subsided.    The urine through- 
out was free from albumen.    In a case recorded by Hodges 
the loss of vision was due to embolism or thrombosis of one 
retinal artery.    The amaurosis was complete and permanent 

iniustttncoTmonto meetwith atrophyof the optic nerve 
after scarlet fever, and the atrophy may have all the aspects 
of a consecutive atrophy.   It has been observed m association 
with the symptoms of a local cerebral lesion, hemiplegia, &c. 
7Loet   hi in some eases has occurred alone. Two remarkable 

asTshave been recorded by Bayley/in which m two sis ers 
sight gradually failed some months after an attack of scarlet 
ever   without albuminuria or dropsy.    One  became  blind 

and idiotic, and the other epileptic.    The tint of the o^ 
discs was « pale but not the bluish-white of atrophy,   and 
the fundus in each case showed accumulation of   pigment. 

" HonatsW. fiir Augenheilkunde," Bd. vm. 
" Arch. f. Ophth.," xxiv., pt. 2, p. 180. 
"Ophth. Kev.,"iv. p. 296. 
"Lancet," Sept. 15, 1877. 

, p. 201. 
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It must be remembered that an intense albuminuric 
inflammation may leave partial atrophy of the optic nerve. 

VARIOLA. 

Leber has observed diffuse neuro-retinitis in variola during 
the stage of drying of the eruption. In a case which came 
under my own observation, atrophy of one optic nerve 
appeared to have succeeded small-pox. (See Case 60 in 
previous editions.) 

ACUTE RHEUMATISM. 

Acute rheumatism is not usually associated with any 
changes in the fundus oculi. Embolism of the cerebral 
arteries sometimes, though rarely, occurs during the course 
of an attack, but embolism of the retinal arteries has not, I 
believe, been observed except as a late sequel of the resulting 
endocarditis. Schmidt once observed irido-choroiditis (such 
as is common in relapsing fever) after an attack of acute 
articular rheumatism without endocardial complication.1 

MALARIAL FEVERS. 

Changes in the fundus oculi are present in some cases of 
malarial fever; rarely in the intermittent of this country, 
but not uncommonly in the severer forms of malarial fever, 
especially in tropical climates. Poncet,2 for instance, found 
changes in ten per cent, of the cases of malarial cachexia 
in Algeria. The changes which have been observed consist 
of retinal haemorrhages, neuro-retinitis, and atrophy of the 
optic nerve. 

Haemorrhages may occur without other change, sometimes 
in the posterior segment of the eyeball, sometimes chiefly 
in the ciliary region (Poncet). Three instances of retinal 
haemorrhages in ague have been recorded by Stephen 
Mackenzie.3    One was a young man, aged twenty, who had 

1 "Arch. f. Ophth.,"Bd. xviii. 
a "Ann. d'Oculistuiue," May, 1878. 
:i In a  paper  on "Retinal  Haemorrhages  and Melanamiia  as Symptoms 

of Ague,"   "Med.  Times and Gaz.," 1877.    I  am much indebted to Dr 
Mackenzie for the woodcuts from his paper. 
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one attack of ague on his way home ^m India, and a severe 
paroxysm immediately after his arrival. The attacks recurred 
daily for a fortnight, when he came under treatment, and 
numerous retinal hemorrhages were found, most numerous 
near the disc, chiefly along the course of the largei-vessels, 
especially arteries, which they in places ohscurecl (lug. 80). 
Sprinkled ahout the fundus, and most numerous near the 
disc, were many small round hright spots, resembling pin- 
holes pricked in a piece of paper held up against the light. 

FlG.   80.-RETINA1  HEMORRHAGES  IN  AGUE  (MACKENZIE). 

The retinal vessels were of normal size, and their sheaths did 
not appear thickened. These hemorrhages were carefully 
observed day by day, and were seen to fade away gradually; 
and, as each died away, it left, to mark its former situation, 
one of the shiny white spots of which mention has been 
made above. There was no albuminuria or other symptom 
of Brieht's disease. The spleen was large. The blood at 
first contained much pigment, but after the first few days no 

more could be found. 
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In two cases, at the Seamen's Hospital—a man, aged 
twenty-nine, with quotidian ague, and another, aged eighteen, 
with tertian ague—haemorrhages were found ; in the former 
case, numerous, large, and superficial, leaving white patches. 
One was paler in the centre than in the periphery (Fig. 81). 
They quickly disappeared. Neither of these patients had 
melanaemia. In several cases subsequently examined, no 
haemorrhages were found. 

Haemorrhagic retinitis  has  also  been  met with  by von 

FIG. 81.—RETINAL HAEMORRHAGES IN AGUE (MACKENZIE). 

Kries.1 One patient, who had suffered from ague for a week 
only, had an extensive haemorrhage into the vitreous. The 
intermission had been arrested by quinine, and the first 
freedom on the day of periodical recurrence was accompanied 
by the haemorrhage. 

Poncet observed, in Algeria, besides haemorrhages, peri- 
papillary oedema and even considerable neuro-retinitis. He 
also found, in the retinal and choroidal vessels, large cells 

Arch, f. Ophth.," vol. xxiv. pt. 1, p. 159. 

';■':- ■■: 
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containing leucocytes and pigment.    Neuritis has also been 
en in one case by Galezowski,* and in two by Hammond, 

unreal, with stellate deposits of  pigment m  the retina 

following the course of the vessels. 
Atrorly of the optic nerve has  also been observed to 

succeed malarial   fever.     It is  very  rare,  however,  as  a 
consequence   of   the  intermittents  of   temperate   climates, 
ahhough   a  few  cases  are  on record.    After    he   severe 
Llarill fever of hot climates it is not^equent    famd 
cases are narrated by Galezowski3 and by Bull.*    The disc is 
I te the vessels are small, and the field of vision is great y 
restricted.    The pathology  of  the  retinal  changes  is still 
Xcure     The retinal hemorrhages have been ascribed to. 
piZntary embolism, but they are, as Mackenzie has shown 
Io\e found when there is no melamemn,    Poncet attribute. 
them to the blockade of minute vessels by leucocytes^   The- 
atrophy was ascribed by Galezowski to pigmentary embolism^ 
It seems possible that the atrophy may be the result of such 
neu   "etinitis as is described above, and which, damaging 
"ght only during the stage of atrophy, attracted no attention 

^jgST*-   which   have been recorded   by 
Kamorius* suggest thatspasm of the retinal vessek, ma,£ 

o^Xs were pale, the retinal arteries were filiform and 
1 st bloodless, and the veins were scarcely pe.cep! h. 
At the same time there was great congestion of the ace and 
tl and a sensation of heaviness in the head. Each attack 
wa 'attended with a sensation of coloured circles moving 
71 ftTwriphary of the field towards the centre.    In the 

Tub was normal.    Bromide of potassium had no effect, but 

quinine quickly cured each case. 

i " Traite Iconographique," p. 190. 
, "Trans. American Neurologic* S^'^m 

L°C' 
< ^A.erieanJourn  of Md  s ! 77  p  403A 

» "Annali di Ottalmologia,    1877, pt  i, 

Ixxxii. p. 200. 

vol. 
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Purulent affections of the eye (choroiditis,1 iritis, &e.) such 
as are seen in pyaemia, have been described in intermittent 
fever, but are extremely rare, and some doubt may be felt 
regarding the diagnosis of the original disease when it is 
remembered how closely some cases of pyaemia simulate 
intermittent fever. Even the influence of quinine, on which 
diagnostic weight is often laid, is not entirely conclusive.2 

ERYSIPELAS. 

Erysipelas of the face is sometimes followed by loss of sight 
and by the signs of atrophy of the optic nerve  (v. Grraefe, 
H. Pagenstecher, Hutchinson, and others).    It is produced 
by the extension of the cellulitis into the orbit, and the 
resulting damage to the trunk of the optic nerve by invasion 
or pressure.    Y. Graefe has pointed out that there is com- 
monly some  exophthalmos, but  this  may  be very slight, 
and may bear no proportion to the subsequent damage to 
sight.    In  most recorded cases  any  symptoms  suggestive 
of orbital cellulitis have escaped notice, probably from the 
difficulty of the examination.      In one,  however (that of 
Story3),   there   was   permanent   limitation   of   the  ocular 
movements.    The loss of sight often comes on rapidly.    In 
one of Pagenstecher's cases amaurosis was complete at the 
end  of fourteen  days.    Early observations  of  neuritis  or 
neuro-retinitis have been recorded by Vossius and Lubinski,4 

and  slight  opacity of the retina has been seen by  many 
observers.    It rapidly passed into atrophy.    Usually, how- 
ever, as soon as the examination could be made, there has 
been pallor of the disc and remarkable narrowing of the 
vessels, the  arteries   especially.     Jager  has  recorded,  for 
instance,   a  case   in  which   an   adhesion   of   the   eyelids 

i Peunoff:  " Centralbl. fur Augenk.," 1879, p. 120. 
2 For example, in a case of this kind described by Landesberg, in which, 

■although quinine cut short the affection, abscesses formed during con- 
valescence, in one toe and the forearm. 

3 "Brit. Med. Journal," March 16, 1878. 
4 Lubinski : " Klin. Monatsbl.," April, 1878, p. 168 ; Pfliiger of Berne : 

-" Augenklinik Bericht" for 1877; and Virchow's " Jahrcsbericht," 1878, 
vol. ii. p. 438. 
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required division with the knife five weeks after the ery- 
sipelas; the optic disc was grey and atrophied; one branch, 
of the central artery and its corresponding vein were normal, 
the others reduced to lines with white borders. In Story s 
case some, arteries were bloodless, and occluded veins were 
represented by dark radiating lines.   • 

It is probable that thrombosis in the central artery is not 
infrequently the mechanism by which the effect is produced. 
Thus August1 found the ophthalmoscopic appearances similar 
to those in embolism (arteries either invisible, or, m places, 
transformed into white lines), in a case in which the erysipelas 
caused orbital cellulitis, and in addition visible clotting m 
supra-orbital and frontal vessels; he believes that the organism 
penetrates the walls and causes inflammation and clotting. 
Knapp,2 however, urges that the mechanism is compression 
at vessels in the orbit.    In an early case he found the veins 
distended with stagnant blood.   He quotes Panas, who found 
obliteration of the retinal artery.    In  a case observed  by 
Nettleship, although the arteries were small they pulsated 
on pressure.    It seems to me probable that the mechanism m 
these cases is not always the same. 

In one of Pagenstecher's cases there was a central scotoma 
and also peripheral limitation of the field.    Necrosis of the 
nerve, less complete at the lamina cribrosa than farther back 
was  found by Nettleship.3    Opacity  of the vitreous  and 
glaucoma have also been seen after erysipelas. 

DIPHTHERIA. 

The defect of sight which so often follows diphtheria, and 
is due to a paralysis of accommodation, is not attended with 
any ophthalmoscopic change. In rare cases, however, vision 
is defective, apart from the paralysis of accommodation, and 
in such cases one or two observers (e.g. Bouchut) have found 
congestion of the disc, simple or with cedema sufficient to 
veil the edges and even, in part, the vessels, and m very rare 

1 " Klin. Monatsbl.," 1884, 43. 
' " Arch. f. Augenkr.," 1884, i. 83. 
» "Trans. Path. Soc," vol. xxxi. 1880, p. 254. 
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290 MEDICAL   OPHTHALMOSC'OPY. 

cases an actual neuritis which may go on to atrophy. The 
atrophy may be unilateral, as in one case figured by Bouchut. 
This case, however, was accompanied with partial right 
hemiplegia and defect of speech. The congestion and oedema 
are usually bilateral, but may be more intense on one side 
than on the other. I. have also seen one definite case of 
primary atrophy after diphtheria. The patient was a woman, 
aged forty-one, with a family history of epilepsy. Shortly after 
the diphtheria she suffered from numbness of the arms, from 
paralysis of the palate and of accommodation, and from double 
vision. With the exception of the diplopia these symptoms 
passed off; but, a little later, slight weakness of the right 
side developed and became permanent. Along with this 
there occurred progressive failure of sight, and two years later 
there was well-marked primary atrophy of the optic nerves, 
with considerable amblyopia. The pupils did not react to 
light in the least, and but slightly to accommodation. There 
was nystagmus on looking to the left, and the upward 
movement of the eyes was completely lost. There were 
no other signs of tabes, and the knee-jerks were perfect. 

PAROTITIS. 

Transient dimness of sight may succeed mumps, and a 
coincident congestion of the optic nerve has been described 
by Hating. 

TONSILLITIS. 

In a case of tonsillitis v. Graef e once saw signs of diminished 
blood-supply to the retina accompanying sudden loss of sight. 
The known relation of tonsillitis to rheumatism suggests the 
probability of embolism in this singular case. 

■ >   "- 

WHOOPING-COTJGH. 

Blindness has been observed to come on during the progress 
of whooping-cough, and in one case Knapp1 found the discs 
white, and the retinal arteries invisible in one eye and mere 

i << Arch, of Ophthalm. and Otol.," vol. iv. Nos. 3 and 4, p. 448. 

fata 
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lines in the other. The patient was very weak, and Knapp 
suggests as explanations, anaemia from cardiac weakness, 
or hemorrhage into the nerve-sheaths. Landesberg1 also 
observed in one case symptoms of partial embolism, serous 
infiltration into the retina, slight swelling of the papilla, 
a red macula, thin arteries, engorged and tortuous veins. 
Two upper arterial branches were found to be permanently 
obstructed. In another case he observed ecchymoses in 
the retina. According to Loomis (quoted by Knapp), loss 
of sight generally occurs, in this disease, m children who 
are much prostrated, and who commonly die from looular 

pneumonia. 

CHOLERA. 

In cholera v. Graefe found that, during the state of collapse 
and cyanosis, the circulation in the smaller, and even m the 
middle-sized, arteries may apparently cease. When tne 
weakness of the heart was moderate, the artery pulsated on 
slio-ht pressure with the finger on the eyeball; but when the 
heart was strong this could not be well produced If the 
heart was so weak that the radial pulse could not be felt, and 
the second sound of the heart was inaudible, slight pressure 
on the eye caused emptying of the arteries without pulsation. 
The veins were large and dark, visible in the finest divisions. 
The papilla was of a pale lilac tint. 

PYAEMIA AND SEPTICAEMIA. 

The occurrence of a general inflammation of the eye in 
cases of septicaemia of various kinds, " metastatic panophthai- 
mitis," has long been known, but it is only during the last 
few years that the use of the ophthalmoscope in medical and 
surgical practice has revealed the fact that slighter retinal 
changes are present in a large proportion of the severer forms 
of these affections, and constitute a symptom of considerable 
diagnostic and prognostic importance, as well as of great 
pathological interest.    The knowledge of their character is 

1 "Med. and Surg. Reporter," Sept. 8, 1880. 
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largely due to the labours of Heiberg,1 Both,2 and especially 
of Litten.3 All forms of affection are most common in the 
intense septionemia of puerperal women, but are also met 
with in other cases. 

Panophthalmitis.—The general  inflammation of the  eye, 
" pysemic or metastatic ophthalmia," is usually attended with 
suppuration in the various structures—iris, ohoroid, retina, 
vitreous—with  rapid  destruction  of   the  eyeball.    It  was 
shown by Virchow4 to depend upon septic embolism, and later 
researches have fully confirmed the fact,    Plugs in the vessels 
have been found by Virchow, Eoth, and Heiberg.   The latter 
found micrococci in the emboli.   It is usually associated with 
the endocarditis which is so common in septicaemia. Yirchow 
found yellowish granular masses  in the capillaries of  the 
retina, similar to those which were present  in the cardiac 
valves, and he, with most subsequent observers, regarded the 
cardiac valves as the source of the emboli.   The condition may, 
however, occur independently of any endocarditis.5    Even in 
such cases, however, the presence of infarcts in other organs, 
and of suppurating thrombi in the source of the septicEemia, 
demonstrated the  probability  of  embolism,   although   not 
directly from the heart.    It  is well known   that  pyaamic 
emboli may pass through the lungs and lodge in the general 
system.    The septic inflammation excited in the eye may 
start from the choroid or the retina, as is demonstrated by 
two cases of  Litten's, in which   the process commenced a 
short time before death, and he found plugging in the one 
case of choroidal and in the other of retinal vessels.    A case 
in which the mischief apparently commenced in the retina 
has also been described by Eoth.    When the retinal vessels 
are plugged, haemorrhages in the retina are invariable, as 
Yirchow demonstrated, and the commencement of the process 

i "Med. Centralblatt," 18/4, No. 36. 
■i"Deut. Zeitschrift fur Chirurgie," 1872, p. 471; NageJ's "Jahres- 

bericht," 1872, p. 349. 
3 " Charite Annalen " for 1876, p. 160. 
* "Arch. f. Path. Anat.," Bd. x. 1856. 
5 Litten: loc. eit. Case 8 ; Meckel: " Charite Annalen," Bd. v.; Virchow 

"Ges. Abhand.," p. 539 ; Schmidt: "Arch. f. Ophth.," xviii. p. 1. 
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in retinal haemorrhages, with opacity of the retina and 
vitreous, may he watched with the ophthalmoscope.1 The 
opacity of the retina depends apparently in most cases on 
acute degeneration. It was found hy Eoth to he merely 
softened, and containing granule cells, although the other 
structures of the eye were infiltrated with pus. A layer of 
pus has, however, been seen on the surface of the retina, and 
pus is said to have been found in some cases in the nerve- 
fibre layer. Earely, the changes have been found limited to 
a small area of the retina and the adjacent choroid. 

It is probable that this severe ocular inflammation is 
always produced by the agency of septic organisms circula- 
ting in the blood. These, in the form. of bacterial or 
micrococcal masses, have been found in the vessels of the eye 

in many cases.2 

The  affection is usually single, but in many cases both 
eyes are affected, it may be unequally.    It occurs only in 
intense forms of septicaemia, commonly not long before death. 
In rare cases it may occur when the general symptoms of the 
disease are not advanced, as in a case mentioned by Litten, 
in which a woman came to the hospital with one eye in a 
state of complete suppuration, but with so little subjective 
symptom of the considerable fever which was found to exist, 
that she  was unwilling to remain.    Death occurred  some 
weeks after the eye was lost.    Ophthalmoscopic examination 
of the sound eye revealed no  change for some time after 
admission.      One   day   choroiditis  and  infiltration   of   the 
vitreous  was   discovered;   the same day rigors and  joint- 
inflammation occurred, and in three days later the patient 

was dead. 
Retinttis Septica.—Eoth has described a peculiar form of 

retinitis in cases of pyaemia, characterized by the appearance 
of small white flecks in the neighbourhood of the papilla and 
macula lutea, varying in number, and occurring  in  most 

1 Litten : Case 8. 
3Kahler: "Prag. Zeitsch. f. Heilkunde," 1879, iii., and "Centralbl. f. 

Med. Wiss.," 1880, p. 728; Pousson -. "Arch. d'Ophth. Franchise," No. 2, 
Jan. 1881 ;'Hosch: "Arch. f. Opfeth.," vol. xxvi. pt. i, p. 177. 
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294 MEDICAL   OPHTHALMOSCOPY. 

cases  m both eyes. Sometimes small haemorrhages were 
present. The white spots were found to consist of groups of 
swollen nerve-fibres, among which were granule cells, fattily- 
degenerated capillaries, and pigment granules. The affected 
spots were of small size, and showed little tendency to 
extension, or to the involvement of the vitreous or choroid. 
In no case observed by Roth was any plugging of vessels 
discovered, or any deposits on the cardiac valves, and he 
therefore believes that the change is due to the chemical 
alteration of the blood, but Kahler found micrococcal plugs. 
The affection was met with especially in cases in which 
decomposition was occurring in inflamed parts, such as exten- 
sive sloughing with secondary suppuration, and especially in 
pronounced septicaemia. It was found also in one case 
of putrid bronchitis. 

Retinal haemorrhages constitute, however, by far the most 
common and most important change in the f undus in cases of 
septicaemia. They usually accompany the suppurative panoph- 
thalmitis, especially when the process commences in the retina. 
They may also occur in the form described by Roth. But 
they may exist alone, without any sign of retinal inflamma- 
tion, and as such constitute the most common ophthalmoscopic 
change in these cases. They have been very carefully studied 
by Litten, in cases of puerperal septicaemia, in which they 
almost invariably occur during the last two or three days of 
life. They are always bilateral, round, or irregular in form, 
and of variable size, sometimes very large. They are com- 
monly adjacent to vessels, especially veins, but occasionally 
are situated apart from visible vessels. Most of the round 
extravasations present pale or white centres, which are often 
distinct as soon as the haemorrhage appears. They are recog- 
nized without difficulty, some being always in the posterior 
portion of the fundus. 

In some of the cases in which these haemorrhages were seen, 
there was endocarditis, but in several cases recorded by Roth 
and Litten the heart was healthy. There is thus no necessary 
connection between the cardiac and the ocular condition. 
Moreover, the retinal change appears comparatively innocent; 
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no adjacent inflammation is excited. In no case could Litten 
find any plugging of the retinal vessels, and from these 
facts, he concludes with Eoth, that embolism is not the cause 
of these extravasations, hut that they are to he ascribed to 
the chemical change in the blood. This view is also supported 
by a case described by Leube,1 but the same observer has 
recorded   another   case   of   septic   pyaemia,   secondary   to 

FIG. 82.—RETINAL HEMORRHAGES IN A CASE OF ACUTE TJLOERATIVE 
ENDOCARDITIS. 

Some are striated in the nerve-fibre layer, others rounded in the deeperlayers, 
many have white spots in the centre. 

double caseating epididymitis, in which retinal ha3morrhages 
existed, and, post-mortem, bacterial plugs were found in many 
other organs. The retina? apparently were not examined. 
Rosenbach,2 however, found a similar condition of multiple 
haemorrhages in the retinae of dogs, in which a septic 
endocarditis had resulted from experimental lesions of the 
valves, and he found micrococcal plugs in the retinal vessels 

1 "Deut. Arch, fur Klin. Med.," xxii. 1878, p. 235. 
2 "Arch, fiir Exp. Path, und Pharmak.," 1878. 
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after death. From these facts we may conclude that, 
although simple haemorrhages usually arise independently of 
embolism, they may sometimes be due to the plugging of 
vessels. In connection with the remark, that adjacent in- 
flammation is often not excited, it may be noted that of six 
cases with endocarditis observed by Litten, in only three did 
the cardiac change present the aspect of malignant ulcerating 
endocarditis ; in the other three the valves presented only 
innocent-looking vegetations. It is probable that the endo- 
carditis varies in its degree of septic character in different 

FIG. 83.—RETINAL HEMORRHAGES is A CASE OF ACUTE ULCEIIATIVE 

ENDOCARDITIS AND CHOREA. 

The rounded haemorrhage at the lower part of the figure has a white centre. 

cases of blood poisoning. In several cases of pyaemia similar 
haemorrhages have been noted on the mucous membrane of 
the conjunctiva or mouth (Litten, Leube). 

From the fact that the retinal haemorrhages usually pre- 
cede death by a few days only, they afford important and 
very grave prognostic information. Now and then they are 
useful also in diagnosis, since they are apparently not found 
in acute specific diseases, even in those severe cases in which 
cutaneous haemorrhages are present.    Litten mentions two 
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oases of women admitted with high fever, cutaneous extrava- 
sations, and cardiac murmurs. One had heen recently con- 
fined. They had the aspect of cases of septicaemia rather 
than of typhoid, hut the absence of retinal extravasations 
led to a diagnosis of typhoid fever, which, in each case, 
was confirmed by a post-mortem examination. I have seen 
one case in which the presence of retinal haemorrhages 
was of considerable assistance in establishing the fact that 
a post-puerperal illness, supposed to be typhoid, was really 
septicsemia. 

The effect of the retinal haemorrhages on vision can rarely 
be ascertained with exactness, on account of the general state 
of the patients, but they appear to cause little impairment, 

Purulent meningitis sometimes occurs in cases of septi- 
caemia. In one such case, recorded by Leube,1 there were 
retinal extravasations, but after death intense inflammation 
of the optic nerves adjacent to the inflamed membranes was 

found. 

THE OPHTHALMOSCOPIC SIGNS OF DEATH. 

The stoppage of the heart's action and the consequent 
arrest of the circulation of the blood, which constitute the 
chief events in the cessation of systemic life, lead to striking 
changes in the fundus oculi, changes which are among the 
most unequivocal signs of death. Attention was first called to 
them by Bouchut in 1863,2 and they have since been studied by 
many observers, especially by Poncet,3 Arlidge,4 and Grayet/' 

As the heart's action is failing, the arteries may be observed 
to diminish in size (Arlidge). On the cessation of its con- 
tractions, the diminution in their size becomes more marked. 
A few minutes after death the capillary redness of the disc 
disappears, and its surface becomes of papery whiteness, in 

1 " Deut. Arcli. fur Klin. Med.," Bd. xxii. 1878, p. 263. 
2 " Traite des Signes de la Mort," 1863. 
s "Arch. Gen. de Med.," 1870, p. 408. 
4 " West Riding Asylum Reports," i. 1871, p. 73. 
6 "Ann. d'Oculistique," t. lxxiii. 1875, p. 5. 
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298 MEDICAL   OPHTHALMOSCOPY. 

which, however, the central cup, if present, may appear of 
still more brilliant whiteness.    The arteries quickly cease to 
be recognizable upon the disc, appearing to commence at its 
edge.    On the fundus they are at first distinct, and usually 
narrow   but   otherwise   of normal appearance.    The   veins 

■may present normal characters, or  may, like the arteries, 
quickly become indistinct upon the disc, appearing to start 
from its edge.    Commonly the columns of blood within them 
soon become interrupted and broken up into segments, which 
give the vessels a beaded appearance.    The indistinctness of 
the arteries, which is due to their contraction emptying them 
of blood, quickly extends towards the periphery, and in the 
course of half an hour, sometimes in ten minutes, they are 
unrecognizable.   The veins remain distinct, but in most cases 
the beaded appearance increases.    The choroid, during the 
first few minutes, presents nearly its normal tint, but this 
quickly lessens in intensity,  and the colour which is pre- 
sented depends on the amount of pigmentation.    In dark 
eyes it acquires a yellow-brown colour, in lightly pigmented 
eyes it gradually assumes a pale, reddish-yellowish, sometimes 
a greyish, tint.   Commencing opacity of the retina may some- 
times be distinguished, and may be accompanied by a red spot 
at the macula lutea (Gayet), due to its freedom from opacity, 
and similar to that seen in embolism of the central artery. ' 

^ These appearances persist until,  generally after five  or 
six hours, the progressive   opacity of  the  media  prevents 
further observation. 
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APPENDIX. 

HOW  TO  SKETCH  THE FUNDVS  OCULI. 

NOTHING gives dexterity in the use of the ophthalmoscope 
so quickly and so effectively as an attempt to draw what is 
seen, and  nothing  gives  ability  to recognize detads with 
accuracy and perceive every feature presented, as a habit of 
drawing does.    Yet ophthalmoscope drawing is hardly ever 
practised.     It is supposed to be difficult, hut it is neither 
difficult nor does it need any ability or facility for ordinary 
drawing     The process is within the reach of every student, 
and it may be well therefore to describe the method which is 
most useful.    It is indeed sufficiently simple as scarcely to 
need even descriptive instruction, but it may be well not to 
assume that it can be discovered by each student for himself 

A pencil drawing should  be   first made,  and from that 
either a more perfect pencil drawing   on any paper that has 
a grain;  or, what is better, a coloured drawing, which re- 
quires, however, a skill a pencil drawing does not need. 

The disc should be drawn from f inch to 1 inch m vertical 
diameter The fundus should be observed first by the 
indirect method, and the outline of the disc made on a piece 
of paper by a faint pencil line, and other simple pencil lines 
should indicate the position of the chief vessels that can be seen 
bv this method, the veins being made darker than the arteries. 
This being done, the observer should continue and complete 
the drawing by the direct method. If he is drawing the 
patient's left eye, his pencil and materials should be on a 
small table to his right; if he is drawing the patient s right 
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eye, this may be on his left or immediately in front of him, he 
sitting to the side of the patient. To continue the drawing he 
must turn his paper upside down. This brings the disc, as 
drawn from the indirect image, into the position in which it 
appears in the direct image. Both arteries and veins must 
now be represented, as they are seen, with a double contour. 
After indicating more precisely the position and outline of the 
physiological cup, some one large vein should be selected, and 
its position at the edge of the cup and edge of the disc noted, 
compared with the first drawing, and, if necessary, corrected. 
Then its double contour should be marked by a broad pencil 
line on each side, with a very slight pencil tint between 
them, where the reflection is seen. This must be darkened 
wherever the reflection is lost in consequence of the vein 
being in some other plane than that at right angles to the 
line of vision, e.g., when passing over some prominence, or 
receding into the physiological cup. 

The branches of this vein and the artery accompanying it 
should then be drawn in like manner, the artery being repre- 
sented by paler pencil lines and its central reflection being 
left white.    Great care must be taken to depict accurately 
the  relative  width of each vessel, both on the surface of 
the disc and beyond its edge.    The width of the vein first 
drawn, must  also  be compared  with the  size of  the cup 
and the disc generaUy, and this vein taken as a standard 
with which to compare the others ; in this manner the pre- 
cise representation of the size of the various vessels—a very 
important  point—is  much  facilitated.    Each of the other 
vessels should then be drawn in the same way; as a rule, 
each different vein first and then its artery. 

^ It is necessary to indicate many features by some arbitrary 
signs, or  by reference-indications  to words written on the 
margin.    Among the points to which attention should be 
given, is the presence of white lines along the vessels, due to 
the tissue of the wall.    It will be remembered that, when 
we speak of the vessels we are drawing, we mean only the 
columns  of blood within them; we cannot see the vessels 
themselves   except   in   the    appearance   now   referred   to. 
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These white lines may be indicated conveniently by dotted 
lines outside the darker ones. Where the vessel becomes 
indistinct, there should be, of course, a corresponding indis- 
tinctness of the lines representing it; but often this is not 
enough to indicate the degree of concealment, and then lines 

may be drawn across the vessel. 
The shape of the central cup should be carefully attended 

to, as well as its depth, and the course of the vessels down its 
side     The latter, together with the change in their aspect, 
represents the steepness of the side, and  shows it at once 
to one who is used to ophthalmoscopic examination.     The 
manner in which the vessels disappear at the bottom of the 
cup varies, and must be carefully indicated in the sketch. 
Often they gradually pass from view as they penetrate the 
tissue, which at length conceals them; then they not only 
become fainter but also narrower, because at the edge of the 
column the depth of blood is less and its tint is less deep ; 
hence the margin  becomes  first concealed, and  the vessel 
seems to lose in width as it loses colour. _ 

In normal discs it is common to have a little softening 
of the edge where the chief vessels cross above and below, 
striated in character, and due to the large number of nerve- 
fibres which cross the edge there. This may be indicated 

by faint lines across the edge. 
In general it is convenient to indicate all features that 

are white by dotted lines. Thus the outline of a white 
spot or patch should be made with dots instead of _ by a 
continuous line. If there is a difference in the intensity of 
the whiteness in different parts of the area, it must be drawn 
black with the pencil, the intensity of the white tint being 
inversely indicated by the intensity of the pencil shading, 
and the fact that it is white indicated by a dotted line 
around it (not then indicating the position of the edge, 
which should be the edge of the shading), or else by a 
written indication adjacent to the spot or in the margin 

So too, the sclerotic ring should be shown by dotted lines, 
and also the outline of a posterior staphyloma. White spots 
of albuminuric retinitis may be made dark, without the risk 
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of error, if—as should always be the case—the more finished 
drawing is made without any delay to permit the nature of 
the case being forgotten. This lessens the practical difficulty 
that we have to contend with—the difficulty that we have 
only the lead pencil to indicate the white, the black, the red, 
and the grey. We must indicate the grey in a large cup 
or on an atrophied disc as we indicate the red tint, marking 
the difference by words or letters on the rough drawing, and 
in a descriptive note on the more finished one. 

Some remarks on the production of coloured drawings may 
be acceptable to those who have no knowledge of water- 
colour work. I offer the following suggestions because they 
embody the results of an attempt to make such drawings 
without any knowledge of the art. 

Colour is necessary for a perfect representation of the 
aspect of the fundus, but care must be taken not to lose 
sight of form, even in its minutiae. The knowledge of 
pigments that is requisite is best gained by experiment, and 
it is wise to obtain pigments of the proper tints, if possible, 
and to mix as little as possible. The " wash " is the chief 
thing that is needed, and this is easily acquired with a little 
practice. Details only need patient care. Fortunately, in the 
features that can only be represented in colour, the exact shade 
of colour is comparatively unimportant. The precise tint of 
the choroid varies so much, that correspondence with nature, so 
far as relates to the individual eye, is not appreciated, indeed 
is not observed by most persons, and hence a divergence from 
nature is equally unobserved. Of course the limits of the 
variations that are met with in the tint of the choroid must 
not be exceeded, and in the cases in which there is a choroidal 
change to be depicted the amount of pigment in the choroid 
must be carefully observed. 

The chief difficulties with the colour are—to obtain a 
natural appearance as regards texture, and to obtain even- 
ness of the tint. The beginner may take comfort in 
the fact that any defects will be concealed to a large 
extent by details afterwards added.   The conspicuous forms of 
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the vessels prevent even a considerable unevenness from being 
noticed. Professional artists use Bristol board for the coloured 
drawings, and the surface of this, after having been well washed, 
is not so bad as might be imagined. I prefer, myself, a thin 
hot-pressed paper, damped and stretched. The grain thus 
obtained is finer than that of a paper which has not been 
hot-pressed, and yet it takes the colour perfectly well. All 
the sepia drawings in this work were done upon such paper. 
Hollingsworth's I found distinctly better than any other I 
tried. 

The difficulties with the colour   arising from these  two 
causes—(1)  getting   the   proper   tint   of   red; (2) putting 
the colour evenly on   the   paper—may thus be overcome : 
(1)   Do not use vermilion.    Any colourman will give you 
a choice of reds sufficiently large to represent every possible 
tint  the  human  blood can  assume.     A   little   light   red, 
added to carmine, answers very well;   but if the tint of any 
drawing which seems near nature, is taken and   compared 
with   sample   tints,   no   difficulty   will   be  experienced   in 
selecting one that corresponds sufficiently closely.     (2) Even- 
ness  of surface  is  best   obtained  by washing  the  coat of 
colour with water, when it is quite dry, and then placing 
blotting paper on it,   This, of course, takes off a good deal of 
colour; but by laying on another coat (before the surface is 
quite dry), and repeating the process three or four times, a very 
even tint is obtained without difficulty.    If any inequalities 
are seen they may be removed by " stippling"  with the 
point of a brush.    Some professional artists get the ground 
almost entirely   in   this   manner, and it was the method 
adopted by the late Mr. Streatfeild, who, in his early days, 
made admirable ophthalmoscopic drawings.     General   stip- 
pling may be necessary when there are peculiarities of the 
choroid,   for  the   distribution   of   its   pigment   can    only 
thus be   represented.      For   neuritis   it  is   not  necessary. 
The method of  successive   coats has   an   advantage in the 
softness   of   the   edge  of   an   inflamed   disc   that   can  be 
obtained.    It is better to take out, from each wash, the area 
of the disc, by the   end of a small roll of blotting paper, 
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than to leave it, on account of the hardness of the edge 
which the latter method involves (except in the hands of a 
skilful artist, for whom these directions are not intended). 
By softening the edge of the colour with a wet brush, how- 
ever, then pressing blotting paper firmly on it, and repeating 
the process several times, any part may be made as soft in 
its gradation as can be desired. Sharp-edged, perfectly 
white spots may be produced with a penknife. 
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DESCRIPTION    OF    PLATES. 

THE ophthalmoscopic illustrations contained in the following plates 
are from drawings of the erect image, with the exception of PI. I. 
Figs. 1, 3, & 5 ; PI. VI. Fig. 1, and PI. XII. Fig. 2, which are of the 
inverted image. In some of the other figures, however, the draw- 
ings although of the erect image and made on a large scale, have 
been reduced in the photographic reproduction nearly to the dimen- 
sions of the inverted image. 

PLATE  I. 

FIGS. 1 & -.—Simple congestion of the optic disc in a case of embolic 
softening in right cerebral hemisphere, causing left hemiplegia. Right 
optic disc five weeks after onset. 

-Man, aged thirty, had rheumatic fever at thirteen. The con- 
gestion of the discs came on a fortnight or so subsequently to 
the occurrence of hemiplegia, and then remained unchanged for 
about six weeks. Both discs ultimately became much less congested, 
the left clearing first. The paralysis remained absolute, and there 
was rapid wasting of limbs. Later, blood and albumen appeared in 
the urine, and rounded haemorrhages with white centres were found 
over both retinae; soon afterwards distinct optic neuritis developed 
in the right eye only. Three weeks later patient died. Kight middle 
cerebral artery plugged; corpus striatum softened throughout; traces 
of slight old meningitis over both hemispheres ; inf arcts in spleen and 
in kidneys, the latter being "large white;" aortic and mitral disease. 
The late retinal haemorrhages were probably due to the blood-state. 
Note occurrence of neuritis on same side as cerebral lesion. 

FIG. 1 represents the disc as seen by the indirect method of examination. 
The tint is nearly that of the adjacent fundus, and is uniformly dis- 
tributed over the disc. The edge is dimly seen as a pale zone, most 
distinct on the right (temporal) side. The veins are large, especially 
one which passes apparently upwards (really downwards). Several 
small vessels passing from the disc are unduly visible. 

FIG. 2.— The same disc as seen by the direct method (upright image) 
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306 MEDICAL   OPHTHALMOSCOPY. 

—reduced. The uniform red tint is as conspicuous as by the indirect 
method. The sclerotic ring is visible on the left (temporal) side, but 
nowhere else is the boundary of the disc recognizable. The large 
size of the veins is very conspicuous, and there is white tissue about 
the vessels, arteries especially, in the centre of the disc, very con- 
spicuous against the red surface. 

The left disc presented nearly, but not quite, the same appearance, 
and after a few weeks its congestion lessened much more than that 
of the right. 

FIGS. 3 & 4.— Commencing optic neuritis ; "congestion with oedema ; " 
probable cerebral syphiloma.    Left eye. 

The patient, aged twenty-five, had had a hard chancre at twenty ; 
subsequently cranial nodes ; an attack of right hemiplegia at twenty- 
three, and headache and convulsions for six months. Right optic 
disc full coloured, but otherwise normal. The appearance of the 
left is shown in the figures. 

FIG. 3.—Appearance on an indirect examination. The edge of the 
disc is fairly distinct, but its surface is uniformly red—a deeper and 
more carmine red than the adjacent choroid. Around it is a pale 
halo, and this can be traced upwards and downwards along the course 
of the larger vessels, in the situation in which the nerve fibres are 
most numerous. The retinal vessels are of nearly normal size, clear 
to their emergence in the middle of the disc. (The arteries in the 
figure are leather too small.) 

FIG. 4.—Appearance of the same disc on examination by the direct 
method (reduced). The edge of the disc can nowhere be seen; the 
pale halo is seen as a striated, reddish-grey, slightly prominent 
■opacity, completely veiling all behind it. The increased redness in 
the centre is the only indication of the position of the optic disc. 
The opacity ceases abruptly, except above and below, where a fine 
striation accompanies the vessels—the pale reflection recognized in 
the inverted image. The veins are a little larger than normal; they 
curve down the sides of the swelling, but the prominence being 
slight, the change of plane causes only a slight diminution of the 
central reflection. The edge of the swelling is steepest on the tem- 
poral side (to the right), and there a small vein forms a conspicuous 
curve down the side. 

Vision -..    Field and colour-vision normal. 
FIGS. 5 & 6.— Optic neuritis. Right ojytic disc of a patient suffering 

probably from a cerebral tumour, causing fits beginning in the right side 
of the face.    Man aged thirty. 

FIG. 5 represents the papilla as seen by the indirect method. The 
outlines of the disc cannot be seen; its position is occupied by a 
roundish prominent swelling, the centre of which is red, the outer 
part pale, and the sloping side greyish. The veins present con- 
spicuous curves as they course down the sides of the swelling. They 
cannot be traced to the middle of the swelling, their terminations 
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being concealed in the red centre. The arteries cannot be recognized 
on the swelling, being visible only beyond its edge, where they have 
a normal course.   (In the figure they are rather too narrow.) 

FIG   6.—The same disc as seen by the direct method of examination 
(reduced)    Its prominence is less conspicuous, but is indicated by 
the curves of the veins, and so great was it that, although the fundus 
was distinct without a correcting lens, the top of the swelling could 
only be seen with + 2 I).    The centre is red, and presents a fine 
stippling;   the  outer part reddish-grey,  striated.     The veins  are 
larger than normal, and being numerous, are no doubt considerably 
enlarged     Over the prominence <jf the swelling their reflection is 
bright- but it is lost, and the vessels appear dark, as they pass down 
the sides of the swelling.   Beyond its edge several of them are par- 
tially concealed as they dip into the substance of the retina before 
assuming a normal course upon the fundus.    Towards the slightly- 
depressed centre they are lost in the tissue, some, as the lower veins 
gradually, others suddenly after a slight curve, in which their central 
reflection is again lost.   One or two arteries can be traced over the 
outer part of the swelling, and present there a bright reflection. 
Others are concealed completely by the tissue, and only appear 
beyond its edge.   Near the centre of the disc is a small oval white 
spot    On the right (temporal or macular) side of the disc the red of 
the choroid is varied by a series of paler lines, most being concentric 
with and adjacent to the edge of the swelling.    They depend on the 
folds  into which the retina  (perhaps  only  its nuclear layers) is 
thrown, in consequence of its displacement from the edge of the 
choroid-partial detachment.   (Compare PL VII. 1, Fig/9, p. 58, and 
Fig  17  p   61)    Vision f, but considerable concentric limitation ot 
the field. ' The condition of the discs remained the same when last 
seen, several months after the drawings were made. 

PLATE  II. 

rm i Subsiding neuritis ; commencing consecutive atrophy. From 
a case of local chronic meningitis, with changes (induration, frc.) in the 
subjacent   convolution, probably   syphilitic.     Left  eye.      Woman  aged 
twenty-five. , . .   . 

\fter optic neuritis had lasted about three months, the vision 
began to fail, and was soon reduced to bare perception of large 
objects in the lower outer part of each field. At this time the 
swelling of the discs was at its height, but the injection was becoming 
less marked. A fortnight later, sight improved considerably m both 
eyes so that she could read large type. This improvement however, 
was only temporary, as a second failure occurred in the following 
month, leading rapidly to blindness. The discs had now become 
much paler and the veins smaller (the drawing was made at this 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



308 MEDICAL   OPHTHALMOSCOPY. 

stage), and the appearances remained practically unaltered till her 
death a few weeks later. 

The position of the disc is occupied by a pale swelling with very 
soft edges and depressed centre, in which a little of the redness still 
remains. The area of the swelling is considerably larger than the 
disc, and its prominence is considerable, as is shown by the curves 
formed by the veins as they course down its sides. Several are 
slightly concealed beyond the edge of the swelling. The arteries 
have an almost straight course. Both veins and arteries are a little 
more concealed at the centre. The veins, on the fundus especially, 
are distinctly smaller than they were in an early stage. The small 
vessels are also much smaller, many having disappeared, and others 
can only be traced as fine lines.    Vision 0. 

FIG. 2.—Neuritis subsiding irregularly, clearing from the upper half 
of the disc before the lower, in a case of syphilitic disease of the brain. 
Left eye. 

The lower half of the disc is concealed by a greyish-red, striated 
swelling, of moderate prominence. The veins curve over it. An 
artery is partially concealed by it. The upper portion of the disc— 
rather more than half—is clear, but has a "filled-in" look, being 
occupied by new tissue of a pale grey tint. A large vein has a 
peculiar course, curving round the upper edge of the disc. The 
arteries are partially concealed by the new tissue; they appear 
narrow and indistinct, and both these and the vein are bordered by 
whiter tissue. Similar white tissue marks the position of several 
small vessels, which can scarcely be distinguished. 

FIG. 3.—Grey atrophy of optic nerve, probably from post-orbital 
pressure on the nerve trunk.    Left eye.     Woman aged fifty-nine. 

The disc presents an iron-grey tint, greenish in daylight, uniform 
in the outer part, but mottled at the bottom of the central cup, grey 
flake-like spots being separated by the white trabeculse of the lamina 
cribrosa. The central cup is deep and wide. The sclerotic ring is 
visible in almost the whole circumference of the disc. The vessels 
present no reduction in size. They are distinct to their emergence. 
The veins join to form a trunk, which can be seen dimly as it 
passes down into the substance of the nerve in the central cup. 
Along one artery, which passes downwards and crosses two veins, 
white lines, indicating the position of the wall of the vessel, are 
distinct against the darker veins.    Vision 0. 

This patient was distinctly rheumatic, and had an attack of facial 
palsy apparently of this nature. Eighteen months later, after 
exposure to cold, she had complete paralysis of all the motor nerves 
of one orbit, and blindness of the corresponding eye. The motor 
nerves recovered under treatment, while the eye remained quite 
blind. There was never any papillitis, but the disc slowly 
atrophied. 

FIG. 4.—Atrophy of optic disc, of sir years   duration, secondary to 
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pressure on optic commissure after previous slight damage   by neuritis. 
Riqht eye.    Man aged thirty-four. 

To indirect examination the disc appeared white, but on dnect 
examination it is everywhere of a faint greenish-grey tint, strongly 
marked at the bottom of the central depression. The veins and 
arteries are of nearly normal size. The edge of the disc is a little 
irregular in shape, and the appearance of irregularity is increased 
by a narrow zone of atrophy of the choroid on the temporal (left) 
side within which pigment is accumulated in a narrow line at the 
edge of the disc. This is probably a relic of the attack of neuritis, 
and so also is the appearance of white lines along the lower vein ; 
the latter was much more conspicuous soon after the neuritis SUD- 
sided The disc has a " fllled-in " look, the excavation being slighter 
than in the case of simple atrophy shown in Figs. 3 and 6, and the 
lamina cribrosa being invisible.    Vision 0. 

During the optic neuritis his vision was at one time reduced to 
barely counting fingers, but it afterwards improved to nearly^normal 
during the stage of subsidence. After this Ins sight failed tem- 
porarily and improved again on several occasions, without there 
being any ophthalmoscopic change. Finally, nearly two years after 
the papiilitis, there was rapid failure of sight, which soon culminated 
in almost complete blindness.    (Sec p. 167.) 

FIG. o.-Atrophy of the left optic nerve in a case of cerebral disease 
earning left hemiplegia, amaurosis of left eye, and loss of the left half 
of the field of vision in the right eye. 

The disc appeared white and sharp-edged to the indirect method, 
but by the direct method is pale grey. The tint is pale and uniform 
in the outer part, and in the centre there is a deeper grey mottling 
within the lamina cribrosa. The edge is clear and sharp all round 
On the temporal side (to the right) is a little accumulation of 
pigment The veins and arteries are of normal size, and can be 
traced to the bottom of the large central cup. A small vessel passes 
on to the disc from the choroid, and thence on to the retina. 
Vision 0. Boy aged fourteen. The paralysis and blindness came 
on suddenly during a fit one year after fracture of skull. The nature 
of the cerebral lesion remained hypothetical. (See charts of visual 
fields Figs. 42, 43, p. 73.) 

FIG Q—Atrophy of the optic nerves of three years duration in a 
patient presenting slight spinal symptoms {rheumatic pains m legs, 
darting pains   in   back,   satyriasis,   and   excessive   knee-jerk).     Might 

^The optic disc is sharp-edged, the sclerotic ring conspicuous on the 
temporal side, and beyond it a little pigment-accumulation. The 
nasal half of the disc (to the right) is a soft uniform grey ; the 
temporal half to the left is darker grey, mottled. The excavation 
is large, and at the bottom the lamina cribrosa is visible. Vision : 
quantitative perception of light only.    Both discs similar. 
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PLATE III. 

FIGS. 1 & 2.—Right and left optic discs; caries of sphenoid bone, with 
secondary meningitis.    (See p. 179.) 

FIG. 1.—Right optic disc. Characters normal. Outline clear; central 
cup deep; vessels lost to view as they pass down its sides. The 
termination of the vein can be dimly seen in the middle, beneath the 
nasal edge of the hollow.    (Vision normal.) 

FIG. 2.—Left optic disc. Well-marked neuritis. Edge of disc in- 
visible ; concealed by a reddish-grey swelling, which extends beyond 
the normal limits of the disc. The central cup is encroached upon 
but not quite obliterated, a small area of white reflection from it 
being still visible. Vessels of normal size. The veins emerge from 
the central depression; one, which passes directly upwards, being 
partly concealed at its emergence ; they present conspicuous curves 
and lose their central reflection as they course down the sides of the 
swelling. The arteries present a straighter course, but cannot be 
easily distinguished upon the papilla. The degree of swelling is 
moderate ; it presents fine striation, partly due to minute radiating 
vessels and partly to the nerve fibres.    (Vision quantitative only.) 

FIG. 3.—Descending neuritis in cerebral tumour. Man aged twenty- 
four.    (See p. 159.) 

Right optic disc. Outline recognizable on the temporal side, 
although not sharp ; concealed on the nasal side. Tint, greyish-red, 
finely striated. Swelling distinct but slight. Veins, of normal size, 
lose their bright reflection on the sides of the swelling and are con- 
cealed just beyond its edge; one, which passes downwards and to the 
right, is concealed near the middle of the papilla by a white opaque 
spot. The arteries are narrow, and near the middle of the papilla 
are bordered by white lines. (Vision could not be ascertained.) 
For the microscopical appearances at a later stage, when the inflam- 
mation was greater, see Figs. 9, 12, 16, 17, 29, 30, 31, and XIV. 1. 

FIG. 4.—Optic neuritis in cerebral tumour ,• tubercular masses in cere- 
bral hemispheres, cerebellum, and the other eye.    Boy aged eight. 

Left optic papilla. Disc concealed by very prominent swelling 
with a marked central depression. Veins large, and form conspicu- 
ous curves as they course down the steep sides of the swelling, some 
being even lost to view in then course on account of the steepness. 
Beyond the edge they are obscured for a short distance. Arteries 
partly concealed. Minute red stippling of swelling, but no hemor- 
rhages. Much white tissue about the vessels in the central depres- 
sion.    Vision : slight failure only. 

FIGS. 6 & 6.—Optic neuritis in traumatic meningitis and after re- 
covery.   Right eye.    (Case mentioned on p. 186.) 

FIG. 5.—Appearance ten days after the injury. A pale red, striated 
opacity conceals the whole disc, the edge being nowhere visible ; 
prominence slight but distinct.   The central cup is not quite oblite- 
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DESCRIPTION   OF   PLATES. 3ll 

rated; its white reflection is visible at the bottom of the.central 
depression. Veins of normal size; the upper branches where the 
tZZg is greatest, lose their reflection at the edge. Arteries of 
normal course.   Vision: no evidence of impairment. 

FIG 6 -The same disc a month later, presenting normal characters. 
Edge clear and fairly sharp; sclerotic ring visible on nasal side (to 
the right). Central pit clear and apparently normal; steep on the 
tinpo'ral (left), sloping on the nasal side. The edge of hefcs 
is seen by its relation to the vessels to be considerably withm the 
limits of the swelling shown in the preceding figure. The vessels have 
a normal course.   Vision normal. 

PLATE IV. 

FIGS 1 & 2.—Optic neuritis in a case of probable syphiloma of brain, 
and disc after recover,/.    Right eye.    Man aged thirty-three. 

FIG 1 -Inflamed papilla. Disc concealed by a prominent, red, 
striated swelling about twice the normal diameter of the disc A 
slight central depression can be seen. The veins, not larger than 
normal, appear dark as they pass down the sides of the swelling. A 
white patch lies across and conceals one which passes downwards. 
()n the lower part of the swelling is a small haemorrhage. ^ lsion : 
No 1 Jager at six inches with a little difficulty. 

FIG 2 — The same disc three months later, presenting very little trace 
of the preceding inflammation. Outline quite clear and skarp; 
sclerotic ring distinct, no disturbance of adjacent choroid. Central 
cup small but not apparently " filled-in/' as the veins can be traced 
down its sides to their junction at the bottom. Some of the arteries 
on the disc are accompanied by white lines, especially one which 
curves downwards. A comparison of the vessels with those m the 
last fio-ure will show how much they were altered in their course by 
the swelling. [A vein which passes upwards and to the left has by an 
error been drawn as an artery.]    Vision normal. 

FIGS. 3 & 4.—Optic neuritis from cerebral syphiloma, and same disc 
after the subsidence of the neuritis.     Woman aged thirty-seven. 

FIG 3.—Inflamed papilla. Disc concealed under a swelling ot 
moderate prominence, and about twice the diameter of the normal 
disc concealing the veins and arteries. Colour red, and finely punc- 
tate in the centre; greyish-red and striated on the peripheral por- 
tions of the swelling. The central reflection of the veins is lost as 
they slope down the sides of the swelling. Veins a little larger than 
normal; arteries nearly of normal size. One vein, which courses 
from below, passes over the disc more superficially than the others 
and presents a double curve. There is a small haemorrhage m the 
centre of the disc, and a faint white spot to the right of the 
centre. 
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312 MEDICAL   OPHTHALMOSCOPY. 

. 

Vision = j and^. Field normal. Blind spot double normal size. 
(Fig. 38, p. 70.) 

FIG. 4.— The same disc two months later. Neuritis gone; outline of 
disc clear in whole circumference. There is a fringe of pallor 
beyond the nasal edge, to the left (atrophy of choroidal pigment). 
Tint of disc normal, but too uniform, and the disc has a " filled-in " 
aspect, the two lower veins being narrowed and partly concealed by 
new tissue at the centre left by the inflammation. The normal 
central " cup " is being re-established, as shown by the curve at the 
central end of the lower vein; the bright reflection is lost as the 
vein curves down the edge of the cup; at the centre it is still almost 
concealed.    Arteries normal. 

Vision the same. 
FIGS. 5 & 6.—Subsiding neuritis and subsequent atrophy (cerebral 

syphiloma); process of obliteration of vessels. Left eye. Man aged thirty- 
four. 

FIG. 5.—Neuritis subsiding. A month previously intense inflam- 
mation with haemorrhages. Now a pale reddish-white prominence 
remains, with soft edges, paler in the centre than at the margin. 
The veins, large and dark, curve over the side of the swelling, and 
are obscured just beyond the edge. The arteries are small and 
partially concealed by the new tissue. On the surface several vessels 
are seen in process of obliteration. One, apparently an artery, ends 
suddenly at a small extravasation, and the terminal portion of the 
vessel is very dark, as if plugged. From the central portion of the 
vessel two small branches proceed. 

Vision 0.    Galvanic stimulation, no effect. 
FIG. 6.—The same disc six weeks later. The swelling has subsided 

almost to the level of the retina; the surface of the disc is white, the 
centre (in the position of the physiological cup) being a little whiter 
than the rest. Veins and arteries are somewhat smaller than 
normal, the latter especially. The veins have now a straight course, 
and the arteries can be traced, although narrowed and obscured, to 
their emergence near the centre of the disc. The small vein in the 
other figure which had a peculiar serpentine course has disappeared. 
The artery, which appeared to be in part plugged, presents a 
very different appearance. The distal part has disappeared, and the 
proximal portion has dwindled in size to that of the branch, which 
appears to be carrying on the blood from it. Its origin from a larger 
trunk is now clear. 

Vision : very slight perception of light; retina again sensitive to 
electrical stimulation. 
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DESCRIPTION   OF   PLATES. 313 

PLATE  V. 

FIGS. 1 & '2.—Optic neuritis (riffAt and left eyes) in cerebral tumour. 
The patient (in the National Hospital for the Paralysed and 

Epileptic under the care of Dr. Hughlings-Jaokson) was a man 
aged thirty-five, suffering from left-sided convulsions, beginning 
with a visual and auditory aura (referred to the left ear), and from 
left hemiopia of both eyes. Subsequently coarse tremor came on 
in the left arm, with weakness, which gradually increased to 
complete left hemiplegia. The symptoms were found to be due 
to a tumour of the right hemisphere, in the parietal and temporo- 
sphenoidal lobes, extending inwards. 

FIG. 1,—Left disc. Inner half veiled beneath a reddish striated 
swelling of slight prominence, sufficient to alter a little the course 
of the veins and partially conceal the arteries. The outer half is 
much less red, and its outline can be seen, but is soft. A flame- 
shaped haemorrhage lies across the edge, having one extremity 
adjacent to a small vein. There is another small extravasation 
near an artery on the lower margin. Vision normal, except for the 
hemiopia. 

FIG. 2.—Right disc presenting a similar appearance ; the inner half 
concealed, the outer visible, but not clear.    No extravasation. 

During about six months that the patient remained under observa- 
tion not the slightest change could be seen in the discs except the 
disappearance of the haemorrhages. A year and a half later (two 
years after the drawings were made) vision had entirely failed. The 
inner halves of the discs were still concealed under a reddish striation, 
but the outer halves had become grey, without any redness. 

FIG. 3.—Optic neuritis in a case of cerebral syphilitic disease, causing 
left-sided weakness and convulsions beginning in the hand.    Left eye. 

Disc completely concealed on nasal side (to the left), while on 
temporal side (to the right) the position of the edge can just be 
detected. Swelling moderate, altering the course of the veins, which 
can, however, be traced up to their emergence in the centre. The 

* «urve they present at the edge of the swelling is gentle, but their 
central reflection is lost there. The more abrupt backward curve 
presented, just beyond the edge of the disc, by a vein which passes 
directly downwards, is apparently determined by the position of an 
artery which crosses it, and which a little above this point, in 
crossing it again, has again depressed it. A small vein which passes 
upwards and to the left (in the figure) is concealed for some distance 
by the striated opacity. On the upper edge of the swelling is a small 
haemorrhage.   Neuritis bilateral.   Vision i.   Colour-vision normal. 

FIG. 4.—Optic neuritis in cerebral tumour,probably tubercular, causing 
left hemiplegia and hemiopia.    Left eye.    Girl aged fifteen. 

The temporal part of the disc (to the right in the figure) is clear, 
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314 MEDICAL   OPHTHALMOSCOPY. 

its outline being quite distinct. Elsewhere the margin of the disc 
is concealed by a (reddish) striated opacity, of slight prominence. 
The veins are large, and those which pass downwards curve a little 
over the edge of the swelling, while one, which passes upwards and 
does not curve, is concealed at the edge. A small striated haemor- 
rhage lies over an artery above, the striation being in the direction 
of the nerve fibres. The course of the artery is not changed. Below 
is a still smaller extravasation upon a minute branch of a vein. 
Vision: No. 10 Jager at one foot; hemiopia; all colour-vision lost. 
Both eyes similar. The patient improved under treatment, the 
disappearance of the neuritis being the first sign of the improvement. 
In a few weeks the aspect of the discs became perfectly normal, and 
has continued so now for five years. 

FIG. O.—Optic neuritis in cerebral tumour. Glio-sarcoma, springing 
from the membranes, and compressing, without invading, the right 
side of the pons and right hemisphere of the cerebellum, causing 
right-sided convulsions beginning in the hand, and afterwards left- 
sided attacks beginning in the face ; weakness and coarse tremor in 
the right limbs, deafness in the right ear, and trophic changes in the 
right eye. 

The drawing was made as the neuritis was beginning to subside. 
Disc concealed beneath a considerable swelling, red and striated. 
Veins large (beginning to lessen in size), curve over the edge of the 
swelling. One which passes down cannot be traced beyond the edge, 
where it apparently disappears. (Even when the neuritis had sub- 
sided still more, its further course could not be detected.) Arteries 
small, not more than one-half the size of the veins.    Vision 0. 

FIG. 6.—Optic neuritis in cerebral tumour. Right eye. Woman aged 
thirty-three. 

The neuritis was in course of subsidence. Swelling considerable, 
completely concealing the disc, pale, but still reddish, darker around 
the margin. The veins form conspicuous curves at the edge of the 
swelling, one above forming a double curve in consequence of passing 
beneath an artery just within the edge of the swelling. All the 
veins are concealed for a short distance beyond the edge, and then 
resume a normal course upon the retina. Vision: reads No. 12 
Jager at a foot. The neuritis subsided into consecutive atrophy, 
sight gradually failing until vision was completely and permanently 
lost. 

The exact nature of the intracranial condition remained obscure ; 
there was a family history both of tubercle and cancer. Mental 
power soon failed greatly. The condition was similar in the two 
optic nerves. 
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DESCKIPTION   OF   PLA'I KS 315 

PLATE VI. 

FIG. I.—Intense optic neuritis, with retinal hsemorrhages, in a case of 
cerebral tumour.    Right eye.    Man aged thirty-six. 

The region of the optic disc is occupied by a large swelling, in width 
about four times the diameter of the disc. It is irregular in outline, 
with very steep sides, and is bounded in every direction by extravasa- 
tions. Some of these are more or less striated, others have a sharp 
convex edge, due to their position in the overhanging edge of the 
swelling. The surface of the prominence is of about the same tint as 
the fundus. The vessels are concealed in the substance of the swell- 
ing, except one or two, the position of which is dimly seen. Most of 
them appear first beyond its edge, and are then of about normal size, 
but at first they form conspicuous curves, the deeper portions of 
which are concealed. They then assume a nearly normal course. 
The arteries are narrow, some being scarcely visible. Numerous 
hsemorrhages, small and striated, are scattered over the retina in the 
posterior half of the eyeball, except on the temporal side (to the 
left). In this direction the swelling reaches almost to the position of 
the macula lutea, in the neighbourhood of which are many minute 
white dots adjacent to the edge of the swelling. Vision 0. 

The patient died, but no post-mortem examination was permitted. 
FIG. 2.—Optic neuritis in a case of old fractures of the skull; inflam- 

matory growths beneath them ; at the base the results of previous menin- 
gitis.    Man aged forty-nine. 

The position of the disc could be recognized by the indirect method 
of examination, but the edge was softened. The area of the disc was 
bright red, and beyond the edge was a pale halo. In the upright 
image the edge is completely concealed under a greyish-red swelling, 
of nearly three times the diameter of the disc, striated. Upon it are 
many white spots and lines (due to granule corpuscles, &c), some of 
which correspond to the course of the arteries. One, above, is sur- 
rounded by a narrow zone of haemorrhage. The vessels are concealed 
in the middle of the swelling; the veins more completely than some 
of the arteries. The course of the veins is very tortuous. VisionTV 

, (The microscopical appearances are shown in Figs. 13, 23, 24, 33.) 
FIG. 3.—Neuritis subsiding into atrophy; slight retinal changes; 

tubercle of cerebellum.    Left eye.    Boy aged eleven. 
The disc is invisible beneath a pale, almost white swelling, 

depressed in the centre. Over this the veins curve. After sloping 
down its sides, they are concealed by the adjacent opacity of the 
retina for a short distance. One artery, which passes downwards, is 
visible on the surface of the swelling, but is also concealed beyond its 
edge. The other arteries appear only some distance from the edge. 
Midway between the retina and the macula lutea is a group of small 
white granular-looking spots, apparently just behind the level of a 
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316 MEDICAL   OPHTHALMOSCOPY. 

retinal vessel which passes among them. (They slowly lessened 
under observation. The swelling gradually subsided, the edges of 
the disc reappearing and its aspect becoming that of " consecutive 
atrophy." Its appearance is shown in section in Figs. 49, 50.) 
Vision 0. 

He died from meningitis, probably tubercular. At the necropsy 
tubercles were found in the cerebellum and medulla oblongata. 

FIGS. 4 & 5.—Subsiding neuritis, recent haemorrhages, and same disc 
after recovery. 

The patient had been in the London Hospital, under the care of 1 )r. 
Hughlings-Jackson, suffering from the symptoms of cerebral tumour, 
and presenting intense optic neuritis. Under treatment the symp- 
toms subsided and the neuritis gradually lessened, but during sub- 
sidence several fresh haemorrhages appeared. He died some years 
later, and the brain presented softening of one anterior lobe, with the 
remains of an absorbed syphilitic gumma. Cicatrices were also 
found in the liver. 

FIG. 4.—Subsiding neuritis. The outline of the disc can be seen, but 
is not clear; its surface is reddish in tint, and the swelling of the 
papilla is still considerable, as evidenced by the curves formed by the 
veins in passing over its edge. Several large extravasations are seen. 
One of these, below, follows the course of an artery. Another above 
and to the left is round, not striated, and therefore probably situated 
in the deeper layers and not in the nerve-fibre layer. Vision } ; fields 
normal. 

FIG. 5.—The same, two months later. The haemorrhages have entirely 
disappeared. The disc is clear, and its swelling has almost subsided. 
But the tortuosity of the vessels has increased, probably on account 
of their permanent extension by the long-continued swelling. 

PLATE VII. 

FIGS. 1 & 2.—Unilateral optic neuritis: probably cerebral syphiloma. 
Man aged forty-four. 

FIG. 1.—Left optic disc concealed by a swelling—reddish, striated, 
depressed in the centre. The veins, a little larger than normal, 
curve over it, and some are concealed beyond the edge. In the 
central depression the veins pass behind the arteries and are unduly 
concealed by the swollen tissue. The artery which passes upwards 
is visible throughout; those which pass downwards are distinct at 
their emergence in the depressed centre, but are concealed by the 
swelling, to reappear at its edge. No haemorrhages. Just beyond the 
edge of the papilla is a series of pale concentric lines parallel to the 
edge, due to the folds in the displaced retina; they are limited above 
and below by a small vein.    Vision : counts fingers only. 
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DESCRIPTION   OF   1'J.ATES. 317 

FIG. 2.—Right optic disc presenting normal characters. A small 
deposit of pigment lies across a vein. 

The' right disc never became inflamed, but both discs eventually 
became atrophied, doubtless from an intracranial cause. It is 
possible that both nerves were damaged in front of the commissure, 
and that in one only did the inflammation descend to the eye. 

FIGS. 3 & 4 —Very chronic optic neuritis, in a case of epileptoid con- 

vulsions. Girl aged fifteen. ,,.,., 
FIG. B.—Left disc. Outline obscured by neuritic swelling ol slight 

prominence: the centre stippled red, the periphery only slightly 
lighter in tint than the fundus. Veins, of nearly normal size, 
concealed in centre by whitish tissue, which accompanies the larger 
trunks of both arteries and veins for a short distance. The double 
contour of the veins is lost on the sides of the swelling. Vision: 
No. 2 Jager, spells No. 1. Appearances unchanged during four 

months' observation. 
FIG. 4.— The same disc two years later. All swelling is now gone. 

The outline is clear on the outer (temporal), indistinct on the inner 
(nasal) side. Veins large ; at their junction in the disc they are even 
more concealed than before, and the white tissue about them is still 
very conspicuous.   Vision, same. 

FIG. 5.— Optic neuritis in ansemia. Girl aged seventeen. 
The outline of the disc is lost under a pale, reddish-grey swelling, 

of slight prominence, a little larger than the disc. The veins, of 
normal size, lose their reflection as they curve down the sides of the 
swelling, and some are obscured beyond its edge as they dip into the 
substance of the retina. Some of the arteries are concealed ; others 
distinguishable with difficulty. There is a small white spot near the 
centre of the swelling.    Vision (uncorrected) £. 

Eyes hypermetropic. Both discs cleared and vision became 
normal. A few months later there was a temporary return of the 
anaemia and of  the  papillitis, but  vision remained normal.    (See 

p. 243.) 
FIG. 6. Optic   neuritis  in  a  case of lead poisoning,  with cerebral 

symptoms.    Man aged forty-five. 
The disc is concealed by a swelling of moderate prominence, 

bordered by a fringe of striated haemorrhage, and of a colour nearly 
that of the fundus. Veins a little larger than normal. Arteries 
concealed by the swelling, and most of them very narrow on the 

retina. 
His vision was considerably impaired, but could not be accurately 

tested, owing to his mental state.   (See p. 272.) 
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318 MEDICAL   OPHTHALMOSCOPY. 

PLATE   VIII. 

FIGS 1 & 2.—Intense neuro-retinitis, probably idiopathic, in a 
chlorotic girl, leaving changes simulating albuminuric retinitis. 

FIG. 1.—Might fundus oculi during the height of the neuritis. The 
papilla presents a very large pale red swelling, five times the 
transverse and six times the vertical diameter of the disc. The 
peripheral portions are paler than the central. Its sides are steep> 
and marked by scattered striated haemorrhages. Even the tortuous 
veins are almost completely concealed by the swelling, the highest 
parts of their curves alone being seen. At the edge all reappear, are 
greatly distended, and form conspicuous curves, most of them being 
again lost for a short space in the retina. The arteries are all 
concealed. Many extravasations fringe the swelling. The largest 
lies over a vein which passes downwards: it is striated, and has a 
paler centre. The pale edge of the swelling is irregular, presenting 
several projections, and beyond it are many pale spots in the retina. 
The swelling on the temporal (left) side reaches as far as the macula, 
and just beyond it is a group of white, rod-shaped spots, arranged in 
a fan-like manner, and evidently situated on the temporal side of the 
macula. There are a few small haemorrhages here and there in the 
fundus beyond the limits of the swelling. Vision: No. 19 Jager; 
considerable limitation of field, especially upwards and inwards. 
Loss of colour-vision except for red. 

FIG. 2.—The same fundus three months afterwards. All the swelling 
has disappeared. The disc is clear, but has a "filled-in" look, the 
vessels being partly concealed at their emergence. Both arteries 
and veins are very narrow. The extravasations have disappeared: 
the white spots in the retina persist, but have a more granular 
aspect. Some extend along the vessels, and one or two have an 
irregular linear course as if corresponding to the position of 
choroidal vessels. Many white areas lie in the part of the retina 
around the disc which was formerly occupied by the swelling. The 
fan-like group of spots, adjacent to the macula, has become still 
more conspicuous, and others appear adjacent to them, and of 
similar arrangement; so that the aspect of albuminuric change is 
very closely simulated. Vision: quantitative perception of light 
only.    (See p. 244.) 
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PLATE  IX. 

FIG. 1.—Hemorrhage on optic disc in a case of renal disease, arterial 
(Unease, and acute cerebral lesion.    Right eye. 

The optic disc is otherwise normal; the central cup distinct, narrow 
but deep; the arteries and veins of normal size. On the temporal 
side of the disc is a small extravasation, striated, extending on the 
retina about a disc's breadth. It has apparently arisen from the 
rupture of a small vessel, which can be traced to, but not beyond, 
the haemorrhage.    It had given rise to no symptoms. 

FIG. 2.—Neuritis albuminurica. Right optic disc of a man suffering 
from chronic renal disease, convulsions, and mental derangement. 

The disc presents the signs of slight but distinct neuritis. Its 
outline can be nowhere seen; there is slight swelling; the tint of 
the papilla is red, and the redness is striated. Many small vessels 
radiate from it on to the retina—more than is common in neuritis. 
The veins are rather large. The arteries are very narrow—not more 
than one-half the diameter of the veins. One small haemorrhage 
exists on the temporal (left) edge of the disc. On the surface of the 
papilla are several white spots, irregular in shape. One is situated 
over an artery, another near the middle of the disc, and one near the 
lower edge. One small soft whitish spot can be seen on the retina near 
a vessel above the disc, but this is the only trace of retinal affection. 
(There were no spots near the macula lutea.)    Vision: No. 12 Jager. 

FIG. 3.—Albuminuric neuritis in a man suffering from chronic renal 
disease {granular kidney), intense headache, and who died shortly after- 
wards of uremia.    Right eye. 

The disc is concealed by a considerable greyish-red swelling, 
stippled and striated. The veins are concealed at their point of 
emergence, curve over the prominence, and are again concealed at 
its edge. Beyond, they have a normal course and size upon the 
retina. The arteries, where visible upon the papilla, are a little 
below the normal size ; but beyond, upon the retina, they are much 
smaller than normal, some being scarcely visible as mere lines, and 
two cannot be detected beyond the edge of the papilla. There are a, 
few very minute shining white spots upon the centre of the swelling; 
between it and the macula are several white flecks, and close to the 
macula a few radiating dots and lines are arranged in a fan-like 
form.    Vision:  reads No. 6 Jager.    (See p. 98.) 

Fia. 4.—Subsiding albuminuric neuritis. The fundus of a patient 
suffering from chronic Blight's disease (probably granular kidney), with 
a pulse of very high tension. 

The papilla is slightly prominent, greyish-white, the edges of the disc 
being concealed by it. The veins are narrow and the arteries extremely 
small, recognizable only in narrow lines. One or two small extra- 
vasations are seen near the disc, and farther off are several small col- 
lections of pigment, probably the remains of former extravasations. 
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PLATE  X. 

FIG. 1.—Acute nephritic retinitis, in a patient suffering from chronic 
renal disease, consecutive to an acute attack twelve years previously. Man 
aged twenty-one. 

The disc, is veiled by a pale opacity, not prominent, which extends 
on to the adjacent retina. Many soft white areas and striated 
haemorrhages are scattered over the posterior segment of the retina. 
The veins are a little larger than normal. Many of them are much 
concealed at the edge of the papilla. The arteries are large and 
conspicuous over the disc, but cannot be traced beyond (probably 
because they become contracted in size, and are concealed by the 
retinal opacity). Vision 1\r. For the microscopical appearances sec 
Figs. 68, 69, 70, 72. 

FIG. 2.— Chronic retinal changes in albuminuria, from a case of acute 
renal disease passing into the chronic form. Right eye. Woman aged 
twenty-four. 

The disc and its central cup are normal. The vessels have a 
normal course. Many irregular white spots lie around the disc, 
especially between it and the macula, around which is a halo of 
small spots, for the most part very minute; one or two larger and 
very white. The other spots are soft-edged: some of them are 
superficial to the veins. There are a few small haemorrhages, most 
of them adjacent to white spots. A small vessel which passes 
upwards is accompanied by extravasation, as if into its perivascular 
sheath.    Vision : reads No. 12 Jager. 

PLATE XI. 

FIG. 1.—Retinal changes in a.case of progressive pernicious anaemia. 
Right eye.    Man aged forty-seven. 

The general tint of the fundus is paler than normal. The disc is 
clear and the vessels distinct almost to their origin in the centre. 
The veins are very broad and pale, scarcely darker than the arteries. 
Their central reflection is broad and indistinct. The arteries are 
rather narrower than normal, and very narrow in proportion to the 
veins. A large number of striated haemorrhages lie around the 
papilla. Many of these are adjacent to vessels, in front of or beside 
them, but the course of the vessels is not disturbed. Some white 
spots are seen, most of which are adjacent to extravasations, one or 
two being surrounded by a halo of haemorrhage. One large white spot 
above the disc has an irregular extravasation below it, but only a few 
small spots of blood above it.   (See p. 245.) 

FlG. 2.—Retinal changes in leucocythsemia. Right eye. Man aged 
twenty-seven. 

The optic disc is clear. The course of the vessels is normal. The 
retinal veins are very broad—at least twice their normal width. 
Their central reflection is in some veins narrow and indistinct, in 
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DESCRIPTION   OF   PLATES. 321 

others it is broad. The disproportion in size between the arteries 
and veins is thus very great. The veins are exceedingly pale, 
scarcely darker than the arteries. An annular zone of haemorrhage 
surrounds the macula lutea, broader on the temporal than on the 
nasal side. On the latter, adjacent to it, the retina presents a, grey 
reflection. Between this and the disc is a striated haemorrhage m 
which are one or two white spots. On the outer side of the annular 
extravasation is a small, soft, white spot surrounded by a halo 
of haemorrhage. The extravasation had caused a corresponding 
central defect in the field of vision. (Subsequently the veins became 
still larger and more tortuous as in Fig. 2, p. 11.) 

PLATE XII. 

Yia. 1.—Retinal changes (perivascular disease, aneurisms, 8fc.) in a 
case of chronic renal disease.    Right eye.     Woman aged thirty-six: 

The outline of the optic disc can be seen on the nasal (right) side, 
but is not very distinct.   Its temporal portion is concealed by a 
white opacity, which extends on the adjacent retina towards the 
macula lutea.    Near the latter are a few minute white spots.    Several 
small extravasations are seen : one, rounded in form, near the macula, 
and another below, which extends for a long distance along the 
course of a small vessel, wider at parts than at others, and in one 
place interrupted.    Another extends, as a linear extravasation, along 
the   course  of  a vein which   passes  directly downwards.    Three 
arteries which pass upwards present a peculiar appearance, being 
concealed more or less completely by white bands, corresponding in 
width to the vessels.    One, which passes upwards and to the right 
(in the drawing), is masked for a considerable distance by such a 
band, which ceases suddenly, and, before its termination, presents 
two interruptions.    The vessel beyond this sheath, and in the inter- 
ruptions, is  seen to present perfectly normal characters.    Another 
artery, which passes upwards and to the left, is free at its origin, 
but just beyond the edge of the disc is concealed by a similar band. 
It pursues a somewhat wavy course, the lower parts of the curves 
being indistinct.    Like the other, the band ends abruptly, and the 
vessel beyond presents a normal appearance.    Another artery, which 
arises in  the  disc  from that last  described, has a similar  white 
sheath from its commencement to its disappearance behind a vein. 
It emerges some distance beyond, free.    A vein passing upwards 
presents peculiar corkscrew-like  curves.    The vein  which passes 
downwards is invisible for a short distance, beyond the extravasation 
just described, together with its accompanying artery.    The arteries 
are, for the most part, otherwise normal, but one, which passes 
directly downwards, presents, some distance from the disc, several 
—at least four—distinct   dilatations, evidently minute aneurisms. 
The central reflection from the vessel broadens out in these dila- 
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322 MEDICAL   OPHTHALMOSCOPY. 

tations. The last one is globular, and appears at first sight to 
terminate the vessel, but closer inspection reveals a narrow white 
band passing from it, which farther on broadens, and gives origin 
to a branch of an artery of normal appearance. Here and there in 
the -retina are small collections of pigment. Vision : counts fingers 
only. 

FIG. 2.—Embolism of the central artery of the retina, occurring 
simultaneously with an embolism of the middle cerebral artery. Left 
eye, indirect image.    Man aged thirty. 

The drawing was made about a fortnight after the occurrence 
of the embolism. The disc (previously veiled by opacity) is clear 
and pale (not quite pale enough in the figure), the peripheral part 
almost, but not quite so clear as the central cup. Its edges are 
sharp. The veins have a normal size and course. Several of them, 
however, disappear at the edge of the disc. The arteries are filiform 
on the disc and for some distance beyond. Some remain, as far as 
they can be seen, narrow (even to the periphery of the retina); 
others become wider at a distance from the disc which varies in the 
case of different branches. From the upper part of the disc a white 
opacity extends a short distance on to the retina. A similar but 
narrower white area extends from the lower part of the disc, being 
evidently situated behind the level of an artery ; it gradually widens 
and becomes less intense, and is continuous with a mottled opacity 
which occupies the region of the macula, and is the remnant of a 
large white area which at first occupied this region. A branch of 
an artery which courses across the upper part of this area is evi- 
dently dilated, and the minute branches which come from it are 
abnormally distinct.    Vision 0. 

For the microscopical appearance of the embolus in the retinal 
artery, see Fig. 4, p. 36. 

FIG. 3.—Partial embolism of the central artery of the retina. Right 
eye, direct image.     Woman aged twenty. 

The disc is clear ; the central cup and sclerotic ring distinct. The 
veins are of normal course and character. One division of the central 
artery, comprising the branches which course downwards and to the 
right (in the figure), is perfectly normal. The branches of the other 
division emerge from the upper part of the disc. Of these, two 
which pass upwards and outwards (to the left) are completely 
obliterated, visible only for a short distance as white threads. Two 
others which pass upwards are very narrow, but the central reflection 
can just be distinguished. One of them is accompanied for a short 
distance by fine white lines along its sides. Both vessels, some 
distance from the disc, become wider and resume their normal 
appearance; a branch of one which passes to the right remains 
filiform throughout. No changes visible in the neighbourhood of 
the macula. Vision: the field presented a defect corresponding 
to the area supplied by the obstructed vessels.   (See Fig. 5, p. 39.) 
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The Inter, does not contain  references to  the Description of the Plates. 
subjects of these are enumerated in the Table of Contents. 

The 

Abscess of brain, 155 
Ague, 284 
Albuminuria, 208 
Albuminuvic retinitis, 212 
Alcoholism, chronic, 273 

acnte, 275 
Amaurosis, epileptiform, 22 

saturnine, 269 
uroemic, 209 

Amblyopia in alcoholism, 273 
diabetes, 228 
mercury poisoning, 279 
silver poisoning, 279 
tobacco poisoning, 275 

Anastomoses of retinal artery, 37 
Anfemia, acute, 236 

chronic, 11, 242 
of brain, 137 
pernicious, 244 
scorbutic, 246 
of retinal vessels, 22 

Aneurism, intra-cranial, 168 
of internal carotid, 169 
of retinal arteries, 15 

capillary, 16 
miliary, 16 
in Bright's disease, 211 

cerebral hsemorrtiage, 142 
diabetes, 230 

Aortic regurgitation, 19, 233 
Artery, internal carotid, aneurism, 168 

thrombosis, 32, 153 

Artery, ophthalmic, 32 
Arteries, retinal, 7 

aneurism, 15 
dilatation, 12 
embolism, 33 
narrowing of, 11 
thrombosis, 32 
variations in size, 8, 22 

(See also "Vessels, retinal." 
Argyria, 279 
Ataxy, locomotor, 190 
Atrophy of optic nerve, 102 

causes, 110 
characters, 103 
choroiditic, 110 
congestion preceding, 107 
consecutive, 57, 102 

characters, 108 
pathological anatomy, 118 
prognosis, 130 
symptoms, 127 

diagnosis, 128 
from damage to retina, 115 
pathological anatomy, 116 
primary, 111 
prognosis, 130 
retinitic, 115 
secondary, 113 
simple, 102 
spinal, 111 
symptoms, 119 

in relation to form, 123 
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324 MEDICAL   OPHTHALMOSCOPY. 

Atrophy of optic nerve, treatment, 131 
in alcoholism, 273 
in cerebral haemorrhage, 146 

softening, 150, 153 
tumour, 166 

cerebro-spinal meningitis, 178 
chronic alcoholism, 273 

hydrocephalus, 169 
diabetes mellitus, 228 

insipidus, 232 
diphtheria, 290 
erysipelas, 288 
gastro-intestinal disorders, 255 
general paralysis, 205 
hydrocephalus, 169 
hysteria, 204 
injuries to the head, 184 
insular sclerosis, 196 
labio-glossal paralysis, 168 
lateral sclerosis, 195 
lead poisoning, 270 
locomotor ataxy, 190 

anatomical characters, 193 
symptoms, 193 

loss of blood, 239 
malarial fevers, 287 
neuralgia, 200 
scarlet fever, 283 
small-pox, 284 
syphilis, 264 
tobacco poisoning, 277 
tubercular meningitis, 175 
typhoid fever, 280 
typhus fever, 279 

Atropine, use and dangers of, 2 
Axial neuritis, 123 

in diabetes, 228 
spinal disease, 125 

Bed, examination of patients in, 3 
Bisulphide of carbon, poisoning by, 278 
Blind spot, in neuritis, 70 
Blood, diseases of the, 236 

loss of, effect on retinal vessels, 19 
amaurosis from, 237 

Bones, cranial, diseases of, 179 
caries, 179 
necrosis, 187 

Bones, cranial, thickening, 180 
Brain, abscess of, 155 

anaemia of, 139 
compression of, 186 
diseases of, 137 
hydatid disease of, 167 
hyperremia of, 138 
inflammation of, 140 
injuries to, 184 
softening of, 146 

{See "Softening.") 
tumours of, 156 

Bright's disease, 208 
arteries in, 12, 209 
optic neuritis in, 96, 217 
retinal changes in, 212 

{See "Retinitis.") 
Bronchitis, 254 

putrid, 294 
Bulbar paralysis, 168 

Capillaries, retinal, aneurisms of, 17 
in Bright's disease, 211 
in diabetes, 230 

varicose, 17 
Capillary pulsation, 20 
Carbon, bisulphide of, poisoning by, 278 
Cavernous sinus, thrombosis in, 154 

pressure on, 79 
Cerebellum, abscess of, 156 
Cerebral anemia, 139 

circulation, relation of retinal to, 
18, 137 

congestion, 138 
hemorrhage, 142 
softening, 146 

from atheroma, 152 
embolism, 146 
syphilitic disease, 150 

{Sec also " Brain.") 
Cerebritis, chronic. 140 
Chiasma, optic, effects of pressure on, 72 

a cause of atrophy, 114 
Chlorosis, 242 
Choked disc, 48, 79, 89 
Cholera, 23, 291 
Chorea, 198 
Choroid, morbid states of, 135 
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Choroid, morbid states of, in Bright'a 
disease, 221 

in leueocythremia, 253 
tubercles in, 258 

Choroidal arteries, degeneration, 136 
embolism, 136 

haemorrhage, 30 
in endocarditis, 235 

purpura, 253 
Choroiditic atrophy, 115 
Choroiditis, syphilitic, 264 
Circulation, retinal, 18 

obstruction to, 24 
Colour-vision, affection of, in atrophy, 

120 
-    diabetes, 228 

chronic alcoholism, 273 
lead poisoning, 270 
neuritis, 71 
tobacco poisoning, 276 

Congestion of brain, 138 
of optic disc, 44 

in alcoholism, 274 
caries of spine, 196 
cerebral softening, 147 
chronic alcoholism, 274 
diphtheria, 289 
general paralysis, 207 
lead poisoning, 270 
mania, 207 
parotitis, 290 
tobacco poisoning, 277 

with oedema, 46 
Constipation and retinal hemorrhage, 

255 
Cough, effect on retinal circulation, 29 
Cranial bones, diseases of, 179 

caries, 179 
thickening, 180 

Cyanosis, 233 
Cysts in brain, 167 

Daylight, examination in, 4 
Death, ophthalmoscopic signs of, 297 
Dementia, 208 
Diabetes mellitus, 227 

insipidus, 232 
Diarrhoea, 255 

Digestive organs, diseases of, 255 
Diphtheria, 289 
Disc, optic, appearance of, 41 

congestion, 44 
causes, 46 
with oedema, 46 

inflammation, 48 
structure, 41 
variations in colour, 4, 44 
vessels of, 4 

(See also "Nerve, optic") 

Electricity, sensitiveness of retina to, 
in neuritis, 72 

treatment of atrophy, 132 
Embolism of cerebral arteries, 34, 146 

of middle meningeal, a cause of 
atrophy, 114, 150 

of retinal artery, 33 
appearances, 34 
symptoms, 39 
in Bright's disease, 223 

cerebral embolism, 146 
chorea, 198 
heart disease, 234 
typhoid fever, 281 

capillary,  of retina,   in  pysemia, 
292   ' 

Emphysema of lungs, 254 
Encephalitis, chronic, 140 
Endocarditis, malignant, 234 

septic, 295 
Epilepsy, 201 
Erysipelas, 288- 
Eserine, use of, 2 
Examination, methods of, 2 
Excavation of optic disc, normal, 41 

in atrophy, 105 
Exophthalmic goitre, 198 

Fever {see  "Relapsing,"  "Typhoid, 
"Typhus," " Scarlet.") 

Field of vision— 
in aniemic amaurosis, 238 

alcoholism, 273 
atrophy, 119, 123 
quinine poisoning, 278 
neuritis, 69 
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326 MEDICAL   OPHTHALMOSCOPY. 

I 
Field of vision, in tobacco poisoning, 276 

for colours, 120 
Films over vessels, 6 
Foramen, optic, narrowing of, 180 
Fundus, how to sketch, 299 

General paralysis of the insane, 205 
Glaucoma,   haemorrhagic,   in   albumi- 

nuria, 223 
in diabetes, 230 

leucocythaemia, 252 
neuralgia, 201 

Glioma, mistaken for cerebral haemor- 
rhage, 145 

for softening, 149 
Goitre, exophthalmic, 198 
Gout, 267 
Growths in the brain, 156 

in the eye, 156 
(See also " Tumours.") 

Hsematoma of dura mater, 177 
Haemorrhage, general, 236 

cerebral, 142 
indication of, how transmitted, 

152 
in optic nerve, 50 
into optic nerve-sheath, 145 
meningeal, 145 
retinal, 25 

symptoms, 27 
causes, 28 
in ague, 284 

Bright's disease, 211 
bronchitis, 254 
cerebral haemorrhage, 142 

softening, 148 
endocarditis, 234 
gout, 267 
leucocythaemia, 249 
malarial fevers, 284 
meningeal haemorrhage, 145 
meningitis, purulent, 172 

tubercular, 175 
pernicious anaemia, 245 
purpura, 253 
optic neuritis, 52 
scurvy, 254 

Haemorrhage, retinal, in septicaemia, 294 
into vitreous in Bright's disease, 

223 
Haemorrhagic pachymeningitis, 177 
Haller, circle of, 41 
Head, injuries to, 183 
Heart, diseases of, 232 
Heatstroke, 188 
Hemianaesthesia in lead poisoning, 269 
Hemianopia from cerebral disease, 72 

pressure on chiasma, 72 
state of optic nerve in, 114 

Hemi-neuritis, 50 
Hernia cerebri, 187 
Hydatid cysts in brain, 167 
Hydrocephalus, chronic, 170 

atrophy in, 169 
Hyperaemia of retinal vessels, 24 
Hypermetropia, neuritis in, 99 

recognition of, 3 
Hysteria, 204 
Hystero-epilepsy, 204 

Injuries to head, 183 
to spine, 197 

Insane, general paralysis of, 205 
Insanity, 204 
Insolation, 138, 188 
Ischaemia, retinal, 22 

Jaundice, 255 

Kidneys, diseases of, 20 S 
Knee-jerk,   absence with   optic  nerve 

atrophy, 192 

Labio-glossal paralysis, 168 
Lardaceous kidney, retinitis with. 212 
Lead-poisoning, 269 
Leucocythaemia, 247 

retinal veins in, 11, 248 
Locomotor ataxy, 190 
Lungs, diseases of, 254 

Malarial fevers, 284 
Mania, 207 
Measles, 282 
Melancholia, 208 
Meninges, haemorrhage into, 145 
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Meninges, growths in, 170 
Meningitis, 171 

eerebro-spinal, epidemic, 178 
simple, 172 

chronic, 172 
in cerebral tumour, 159 

meningeal growths, 171 
septicaemia, 297 

purulent, 172 
simple, 172 
syphilitic, 177 
traumatic, 178, 186 
tubercular, 173 

Menstrual disorders, 256 
Mercurial poisoning, 279 
Migraine, 200 
Miliary abscesses in optic tracts, 67 

aneurisms in retina, 16 
Mumps, 290 
Myelitis, 189 

Nerve fibres, opaque, 5 
Nerve, optic, atrophy of, 102 

(See "Atrophy.") 
changes in, 42 
congestion, 44 
inflammation, 48 

(See "Neuritis.") 
injuries of, 185 
morbid states of, 43 
trunk of, changes in, 66 
sheath of, 42 

(See " Sheath.") 
Nervous system, diseases of, 137 

functional, 198 
Neuralgia, 200 
Neuritis, optic, 48 

descending, 48, 78, 83 
frequency, 89 
in cerebral tumour, 156 

tubercular meningitis, 173 
intra-ocular (papillitis), 48 

causes, 75 
recognition of, 96 

diagnosis, 94 
duration, 76 
pathological anatomy, 57 
prognosis, 100 

Neuritis, intra-ocular, primary, 82 
relation to encephalic disease, 78 
second attacks, 57 
stages, 49 
subsidence, 54 

anatomical change during, 67 
symptoms, 67 
treatment, 100 
unilateral, 161 
varieties, 92 

in alcoholism, 274 
anfemia, acute, 239 

chronic, 243 
pernicious, 245 

aneurism of internal carotid, 168 
Bright's disease, 98, 217 
caries of sphenoid bone, 179 
cerebral abscess, 155 

haemorrhage, 144 
softening, 147 
tumour, 75, 156 

cerebritis, 141 
chorea, 199 
general paralysis, 207 
heatstroke, 188 
hydatid disease of brain, 167 
hydrocephalus, 169 
injuries to the head, 183 

spine, 197 
lead poisoning, 99, 271 
loss of blood, 239 
malarial fever, 287 
measles, 282 
meningeal haemorrhage, 145 

tumours, 170 
meningitis, 172 

tubercular, 174 
menstrual disorders, 256 
myelitis, 189 
nasal disease, 187 
orbital disease, 181 
scarlet fever, 283 
syphilis, 264 
tumour of brain, 156 

course, 161 
significance, 164 

typhoid fever, 280 
typhus fever, 280 
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328 MEDICAL   OPHTHALMOSCOPY. 

Neuritis, retro-ocular, 93 
axial, 94 

(See "Axial.") 
from orbital disease, 115 

Neuro-retinitis, 
(See "Neuritis.") 

Nose, diseases of, 187 

(Edema of optic papilla, 46 
in tubercular meningitis, 174 

of retina in Bright's disease, 220 
in alcoholism, 274 
in leueocythoemia, 250 

Opaque nerve fibres, 5 
Ophthalmia, pysemic, 292 
Ophthalmic artery, thrombosis in, 32, 

154 
Ophthalmoscope, use of, in medicine, 1 
Ophthalmoscopy, medical, objects, 1 
Orbit, diseases of, 180 

haemorrhage into, 182 
inflammation, 180 
injuries, 185 
tumours, 183 

Pachymeningitis, hsemorrhagie, 177 
Pallor of optic disc in anaemia, 242 

in atrophy, 103 
Papilla, optic, 42 

estimation of prominence, 95 
(See "Nerve, optic") 

Papillitis, 43, 48 
(See also "Neuritis.") 

(See "Atrophy, consecutive.") 
Papillitic atrophy, 55, 108 
Paralysis, general, of the insane, 205 
Parotitis, 290 
Perineuritis,   51 

retro-ocular, 94 
Perivascular changes in retina, 15 

in Bright's disease, 211 
Pernicious anaemia, 244 
Phlegmasia dolens, 236 
Phthisis, 254 
Plethora, 236 
Plumbism, 269 
Pregnancy, affections of sight in, 256 
Pressure, infra-cranial, relation to optic 

neuritis, 83 

Pressure,   intra-ocular,    influence    on 
circulation, 18 

on apparent size of vessels, 11 
Pulsation of retinal vessels— 

arterial, 18 
in exophthalmic goitre, 198 

neuritis, 50 
capillary, 20 
veins, 20 

rhythmical, 22 
Purpura. 253 
Pytemia, 291 

Quinine poisoning, 277 

Reflex theory of optic neuritis, 81, 91 
Refraction, estimation of, 3 
Relapsing fever, 281 
Retina, affection in neuritis, 56 

tubercular meningitis, 173, 175 
aneurisms in, 16 
detachment of, in Bright's disease, 

222 
growths in, 133 
haemorrhage in, 25 
morbid states of, 132 
vessels of, 7 

(See "Vessels.") 
white spots in, 133 

Retinitis, albuminuric, 212 
anatomical changes, 219 
complications, 222 
course, 223 
degenerative form, 215 
diagnosis, 224 
forms, 214 

hsemorrhagie, 216 
inflammatory, 216 
neuritic, 217 

pathology, 222 
prognosis, 227 
symptoms, 221 
treatment, 227 

diabetic, 229 
from loss of blood, 239 
hsemorrhagie, 28 
leucocythoemic, 248 
piginentosa, 135, 266 
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Retinitis, septic, 293 
syphilitic, 264 

Rheumatism, acute, 284 
chronic, 267 

Salicylic acid poisoning, 279 
Scarlet fever, 2S2 
Sclerosis of cord, insular, 195 

lateral, 195 
posterior, 190 
of optic nerve, 195 

Scotoma, central, 125 
in alcoholism, 274 

diabetes, 228 
tobacco poisoning, 276 

Scurvy, 254 
Septicremia, 291 
Sexual organs, diseases of, 256 
Sheath of optic nerve, 42 

communication, 80 
distension of, 66, 80 

effect on veins, 10 
relation to neuritis, 80, 

to   excess    of   sub-arachnoid 

fluid, 86 
tubercles in, 176, 262 
hemorrhage   into,  in   nieningeal 

haemorrhage, 145 
Sight, how affected in atrophy, 119 

in neuritis, 68 
intra-cranial disease, 69, 72 

Silver poisoning, 279 
Sinus,   cavernous,   effects  of  pressure 

on, 78 
Skin, diseases of the, 257 
Skull, fracture of the, 185 
Small-pox, 284 
Softening of brain, 146 

chronic, 155 
embolic, 146 
inflammatory, 154 
primary, 154 
thrombotic, 150 

Spinal    cord,   connection    of   ocular 
changes with, 112 

diseases of, 189 
(See   also   "Sclerosis"    and 

" Myelitis.") 

Spine, caries of, 196 
injuries to, 197 

Staphyloma, posterior, 5 
Stauungs-papille, 48, 79 
Stomach, diseases of, 255 
Strangulation in optic neuritis, 52 

in descending form, 83 
mechanism, 84 

Sunstroke, 188 
Syncope, retinal vessels in, 23, 139 
Syphilis, 263 

inherited, 265 
Syphilitic diseases of cerebral vessels, 

150 

Tension,    intra-ocular,    influence    on 
circulation, 18 

Thrombosis in cerebral vessels, 150 
internal carotid, 32, 153 
ophthalmic artery, 32, 154 
retinal vein, 30 
retinal artery, 32 

Tissue, white, in front of disc, 6 
Tobacco poisoning, 275 
Tonsillitis, 290 
Tracts,   optic,   changes   in   atrophy, 

118 
in neuritis, 67 

Tubercles of choroid, 258 
in tubercular meningitis, 173 

of optic nerve, 261 
retina, 262 

Tubercular meningitis, 173 
Tuberculosis, 257 
Tumour of brain, 156 

associated growth in eye, 156 
atrophy in, 166 
neuritis in, 75, 156 

of meninges, 170 
Typhoid fever, 280 

diagnosis from septiciemia, 297 
Typhus fever, 279 

Uramia, 208 
Urinary system, diseases of, 208 

Variola, 2S4 
Vaso-motor theory of neuritis, 81, 91 
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Vein, central, thrombosis in, 30 
orbital,      communication      with 

facial, 79 
Veins, retinal, atony of, 10 

dilatation of, 10 
diminution in size of, 11 
increased width of, 9 
in anremia, 11, 242 

cyanosis, 233 
death, 298 
leucocythsemia, 11, 248 
neuritis, 51, 52 

pulsation in, 20 
thrombosis in, 30 
varicose, 10 

Venesection, effect on blood, 23 
Vessels, diseases of, 235 
Vessels, retinal, anfemia of, 22 

arrangement, 12 
atheroma, 15 
calcification, 15 
congestion, passive, 24 
course, 13 
degeneration, 15 
hypertemia of, 24 
in atrophy, 107 

Bright's disease, 209 

Vessels,   retinal,   in   convulsions,   22, 
201 

malarial fever, 286 
neuritis, 52 
quinine poisoning, 278 

pulsation in, 18 
rupture, 25 
sclerosis of, 14 
size, 8 

variations in, 9 
structural changes, 13 
tissue around, 14 
wall of, thickened, 14 

visibility, 7 
(See also "Arteries.' ) 

Vision (see "Sight," "Field"). 
colour (see "Colour vision "). 

Vitreous, haemorrhage into, 26 
in Bright's disease, 211, 223 
diabetes, 230 

opacity of, in diabetes, 230 
in pyaemia, 292 

AVhite spots near disc, 5 
Whooping-cough, 290 

Xanthelasma, 201 
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PBBUDO-HYPEETROPHIC   MUSCULAR   PARALYSIS. 
A Clinical Lecture.    With Engravings.    Svo. 

DIAGNOSIS  OE  DISEASES   OE   THE  SPINAL CORD. 
With Engravings..   Third Edition.    Svo. 

Engravings.    Svo. 

A MANUAL OE DISEASES OE THE NERVOUS SYSTEM. 
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Eoyal 8vo. 
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London, 7,  Great Marlborough Street, 

September,  1900. 

A   SELECTION 
FROM 

J. & A. CHURCHILL'S CATALOGUE, 
COMPRISING 

MOST   OF   THE   RECENT   WORKS   PUBLISHED   BY  THEM. 

N.B -T   c> A.  Churchill's larger Catalogue, which contains over 600 works, with  a Corn- 
Index to their Subjects, will be sent on application. 

Human Anatomy : 
A Treatise by various Authors. Edited 
by HENRY MORRIS, M.A., M.B. Lond., 
F.R.C.S., Senior Surgeon to, and 
Lecturer on Surgery at, the Middlesex 
Hospital. Second Edition. Roy. 8vo, with 
790 Illustrations, nearly all original, and 
many  of them in several colours, 36s. 

Heath's Practical Anatomy : 
A Manual of Dissections. Eighth 
Edition. Edited by WILLIAM ANDERSON, 
F.R.C.S., Surgeon and Lecturer on 
Anatomy at St. Thomas's Hospital, 
Examiner in Anatomy for R.C.P. and 
S. Crown 8vo, with 329 Engravings, 
15s. 

Wilson's    Anatomist's     Vade- 
Mecum. Eleventh Edition. By HENRY 
E. CLARK, M.R.C.S. Eng., F.F.P.S. 
Glasg., Examiner in Anatomy, F.P.S., 
and Professor of Surgery in St. Mungo's 
College, Glasgow. Crown 8vo, with 492 
Engravings and 26 Coloured Plates,  18s. 

An Atlas of Human   Anatomy. 
By RICKMAN J. GODLEE, M.S., 
F.R.C.S., Surgeon and late Demon- 
strator of Anatomy, University College 
Hospital. With 48 Imp. 4to Plates (112 
figures), and a volume of Explanatory 
Text. 8vo, £4 Hs- °d. 

Human Osteology. 
By LUTHER HOLDEN, Consulting Sur- 
geon to St. Bartholomew's Hospital. 
Eighth Edition, edited by CHARLES 
STEWART, F.R.S., Conservator of the 
Museum R.C.S., and ROBERT W. REID, 
M.D., F.R.C.S., Regius Professor of 
Anatomy in the University of Aberdeen. 
8vo, with 59 Lithographic Plates and 74 
Engravings.    16s. 

Also. 
Landmarks, Medical and Surgi- 

cal.    Fourth Edition.    8vo, 3s. 6d. 
The Student's Guide to Surgical 

Anatomy. By EDWARD BELLAMY, 
F.R.C.S. Third Edition. Fcap. 8vo, 
with 81 Engravings.    7s. 6d. 

Anatomy of the Joints of Man. 
By HENRY MORRIS, Senior Surgeon to 
the Middlesex Hospital. With 44 Plates 
(several coloured).     8vo, 16s. 

A Manual of General Pathology, 
for Students and Practitioners. 
By W. S. LAZARUS-BARLOW, B.A., 
M.D , Pathologist and Lecturer on Path- 
ology, Westminster Hospital.    8vo, 21s. 

Pathological Anatomy of Dis- 
eases. Arranged according to the no- 
menclature of the R.C.P. Lond By 
NORMAN MOORE,M.D.,F.R.C.P.,Assist- 
ant Physician to St. Bartholomew's Hos- 
pital. Fcap. 8vo, with III Engravings, 
8s. 6d. 

k. Manual of Clinical and Prac- 
tical Pathology. By W. E. 
WYNTER, M.D., M.R.C.P., Assistant 
Physician to the Middlesex Hospital, and 
F. J. WETHERED, M.D., F.R.C.P., 
Assistant Physician to the Consumption 
Hospital, Brompton. With 4 Coloured 
Plates and 67 Engravings.    8vo, 12s. 6d. 

General Pathology 
An Introduction to. By JOHN BLAND 
SUTTON, F.R.C.S., Assistant Surgeon 
to the Middlesex Hospital. 8vo, with 
149 Engravings, 14s. 

The Pathologist's Handbook : 
A Manual of the Post-mortem Room. By 
T. N. KELYNACK, M.D., late Demon- 
strator in Morbid Anatomy, Owens Col- 
lege, Manchester. With 126 Illustrations, 
fcap. 8vo, pegamoid, 4s. 6d. 

A Contribution to  the   History 
of the Respiration of Man ; being 
the Croonian Lectures delivered before 
the Royal College of Physicians m 1895, 
with supplementary considerations of the 
methods of inquiry and analytical results. 
By WILLIAM MARCET, M.D., F.R.C.l'., 
F.R.S.    With Diagrams, imp.8vo, 5s.6d. 
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Atlas  of  the   Central  Nervous 
System. From the larger work of 
Hirschfeld and Leveille. Edited by 
HOWARD H. TOOTH, M.D. F.R.C.P. 
With 37 Plates carefully coloured by 
Hand.    Large Imp. 8vo, 40s. 

The Human Brain : 
Histological and Coarse Methods of Re- 
search for Students and Asylum Medical 
Officers. By\V. BEVAN LEWIS, Medical 
vSuperintendent, West Riding Asylum. 
8vo, with Engravings and Photographs, 8s. 

The Physiology and the Path- 
ology of the Cerebral Circulation : 
an Experimental Research. By 
LEONARD HILL, M.B., Hunterian Pro- 
fessor, R.C.S. With 41 Illustrations, 
Royal 8vo, 12s. 

Elements of Human Physiology. 
By ERNEST H. STARLING, M.D., 
F.R.C.P., F.R.S., Jodrell Professor of 
Physiology in University College, Lon- 
don. Third Edition. Crown 8vo, with 
140 Engravings, 7s. 6d. 

Manual of Physiology: 
For the use of Junior Students of Medi- 
cine. By GERALD F. YEO, M.D., 
F.R.S. Third Edition. Crown 8vo, 
with 254 Engravings (many figures), and 
Plate of Spectra, 14s. 

A Class Book of Practical Phy- 
siology, including Histology, 
Chemical and Experimental 
Physiology. By DE BURGH BIRCH, 
M.D., F.R.S.E., Professor of Ph)siology 
in the Yorkshire College of the Victoria 
University. With 62 Illustrations, crown 
8vo, 6s. 6d. 

Practical Lessons in Elementary 
Biology, for Junior Students. By 
PEYTON T. B. BEALE, F.R.C.S., Lec- 
turer on Elementary Biology and De- 
monstrator in Physiology in King's 
College, London.    Crown 8vo, 3s. 6d. 

Medical Jurisprudence: 
Its Principles and Practice. By ALFRED 
S. TAYLOR, M.D., F.R.C.P., F.R.S. 
Fourth Edition, by THOMAS STEVENSON, 
M.D., F.R.C.P., Lecturer on Medical 
Jurisprudence at Guy's Hospital. 2 vols. 
8vo, with 189 Engravings, 31s. 6d. 

Hygiene and Public Health. 
A Treatise by various Authors. Edited 
by THOMAS STEVENSON, M.D., F.R.C.P., 
Lecturer on Chemistry and Medical Juris- 
prudence at Guy's Hospital; Official 
Analyst to the Home Office ; and SHIRLEY 
F. MURPHY, Medical Officer of Health 
of the County of London. In 3 vols., 
royal 8vo, fully Illustrated. Vol. I., 28s.; 
Vol. II., 32s. ; Vol. III., 20s. 

The Theory and Practice of 
Hygiene. By J. LANE NOTTER, M.D., 
Examiner in Hygiene and Public Health 
in the University of Cambridge and the 
English Conjoint Board, Professor of 
Hygiene in the Army Medical School; 
and W. H. HORROCKS, M.B., B.Sc, 
Assistant Professor of Hygiene in the 
Army Medical School. Second Edition. 
With 15 Plates and 134 other Illustra- 
tions, Royal 8vo, 25s. 

A Manual of Practical Hygiene. 
By the late E. A. PARKES, M.D., F.R.S. 
Eighth Edition, by J. LANE NOTTER, 
A.M., M.D. 8vo, with 10 Plates and 
103 Engravings, 18s. 

A   Handbook   of   Hygiene   and 
Sanitary Science. By GEO. WILSON, 
M.A., M.D., LL.D., F.R.S.E., D.P.H. 
Camb., Medical Officer of Health for 
Mid-Warwickshire. Eighth Edition. 
Post 8vo, with Engravings, 12s. 6d. 

A   Simple    Method   of   Water 
Analysis, especially designed for the 
use of Medical Officers of Health. By 
JOHN C. THRESH, M.D.Vic., D.Sc. 
Lond., D.P.H.Camb., Medical Officer 
of Health for the County of Essex. 
Second Edition.     Fcap. 8vo, 2s. 6d. 

Elements of Health : an Intro- 
duction to the Study of Hygiene. 
By Louis C. PARKES, M.D., D.P.H. 
Lond., Lecturer on Public Health at 
St. George's Hospital. Post 8vo, with 
27 Engravings, 3s. 6d. 

Diet   and   Food  considered   in 
relation to Strength and Power 
of Endurance, Training and 
Athletics. By ALEXANDER HAIG, 
M.D.,F.R.C.P. Second Edition. Crown 
8vo, 2S. 

Effects of Borax and Boracic 
Acid on the Human System. By 
Dr. OSCAR LIEBREICH, Professor in the 
University of Berlin. With Plates, post 
4to, 2S. 

The Prevention of Epidemics 
and the Construction and Man- 
agement of Isolation Hospitals. 
By ROGER MCNEILL, M.D. Edin., 
D.P.H. Camb., Medical Officer of 
Health for the County of Argyll. 8vo. 
With several Hospital Plans, 10s. 6d. 

Hospitals and  Asylums  of the 
World; their Origin, History, Construc- 
tion, Administration, Management, and 
Legislation. By Sir HENRY BURDETT, 
K.C.B. In 4 vols., with Portfolio. Com- 
plete, 168s. Vols. I. and II.—Asylums : 
90s. Vols. III. and IV.—Hospitals,&c, 
with Portfolio of Plans, I20s. 
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A Manual of Bacteriology, Clini- 
cal and Applied. With an Appendix 
on Bacterial Remedies, &c. By RICHARD 
T. HEWLETT, M.D., M.R.C.P., D.P.H. 
Lond., Assistant in the Bacteriological 
Department, Jenner Institute of Preven- 
tive Medicine. "With 75 Illustrations, 
post 8vo, 10s. 6d. 

Mental Diseases: 
Clinical Lectures. By T. S. CLOUSTON, 
M.D., F.R.C.P. Edin., Lecturer on 
Mental Diseases in the University of 
Edinburgh. Fifth Edition. Crown 8vo, 
with 19 Plates, 14s. 

A Text - Book on Mental 
Diseases, for Students and Prac- 
titioners of Medicine. By THEO- 
DORE H. KELLOGG, M.D., late Medical 
Superintendent of Willard State Hospital, 
U.S.A.    With Illustrations, 8vo., 25s. 

Mental Physiology, especially 
in its Relation to Mental Dis- 
orders. By THEO. B. HYSLOP, M.D., 
Resident Physician and Medical Super- 
intendent, Bethlem Royal Hospital; 
Lecturer on Mental Diseases, St. Mary's 
Hospital Medical School.    8vo, 18s. 

The   Insane   and   the   Law :   a 
Plain Guide for Medical Men, 
Solicitors, and Others as to the 
Detention and Treatment, Maintenance, 
Responsibility, and Capacity either to 
give evidence or make a will of Persons 
Mentally Afflicted. With Hints to 
Medical Witnesses and to Cross-Exami- 
ning Counsel. By G. PITT-LEWIS, Q.C., 
R. PERCY SMITH, M.D., F.R.C.P., late 
Resident Physician, Bethlem Hospital, 
and J. A. HAWKE, B.A., Barrister-at- 
Law.    8vo,  14s- 

A   Dictionary  of Psychological 
Medicine, giving the Definition, Ety- 
mology, and Synonyms of the Terms 
used in Medical Psychology; with the 
Symptoms, Treatment, and Pathology of 
Insanity; and THE LAW OF LUNACY IN 
GREAT BRITAIN AND IRELAND. Edited 
by D. HACK TUKE, M.D., LL.D., as- 
sisted by nearly 130 Contributors. 2 vols., 
1,500 pages, royal 8vo, 42s. _>,., 

The Mental Affections of Chil- 
dren, Idiocy, Imbecility, and 
Insanity. By WM. W. IRELAND, 
M.D. Edin., formerly Medical Superin- 
tendent of the Scottish Institution for the 
Education of Imbecile Children. Second 
Edition.   With 21 Plates, 8vo, 14s. 

Mental Affections of Childhood 
and "Youth (Lettsomian Lectures for 
1887, &c). By J. LANGDON-DOWN, 
M.D., F.R.C.P., Consulting Physician to 
the London Hospital.    8vo, 6s. 

The Journal of Mental Science. 
Published Quarterly, by Authority of the 
Medico-Psychological Association. 8vo,5s. 

Manual of Midwifery : 
Including all that is likely to be required 
by Students and Practitioners. By A. L. 
GALABIN, M.D., F.R.C.P., Obstetric 
Physician to Guy's Hospital. Fifth Edi- 
tion.    Post 8vo, with 298 Engravings, 15s. 

The Practice of   Midwifery : A 
Guide for Practitioners and Students. 
By D. LLOYD ROBERTS, M.D., F.R.C.P., 
Consulting Obstetric Physician to the 
Manchester Royal Infirmary, Physician 
to St. Mary's Hospital. Fourth Edition. 
Crown 8vo, with 2 Coloured Plates and 
226 Woodcuts, 1 os. 6d. 

A Short Practice of Midwifery, 
embodying the Treatment adop- 
ted in the Rotunda Hospital, 
Dublin. By HENRY JELLETT, M.D., 
BA.O. Dub., late Assistant Master, 
Rotunda Hospital. Second Edition. 
With 57 Illustrations, crown 8vo, 6s. 

Obstetric Aphorisms : 
For the Use of Students commencing 
Midwifery Practice. By JOSEPH G. 
SWAYNE, M.D. Tenth Edition. Fcap. 
8vo, with 20 Engravings, 3s. 6d. 

Economics, Anaesthetics, and 
Antiseptics in the Practice of 
Midwifery. By HAYDN BROWN, 
L.R.C P., L.R.C.S.    Fcap. 8vo, 2s. 6d. 

Lectures on Obstetric Opera- 
tions : A Guide to the Management 
of Difficult Labour. By ROBERT BARNES, 
M.D., F.R.C.P. Fourth Edition. 8vo, 
with 121 Engravings, 12s. 6d. 

By the same Author. 
A Clinical History of Medical 

and Surgical Diseases of 
Women. Second Edition. 8vo, with 
181 Engravings, 28s. 

Manual of the Diseases peculiar 
to "Women. By JAMES OLIVER, 
M.D., M.S. Edin., M.R.C.P. Lond., 
Physician to the Hospital for Diseases 
of Women, London. Fcap. 8vo, 3s. 6d. 

By the same Author. 
Abdominal Tumours and Ab- 

dominal Dropsy in "Women. 
Crown 8vo, 7s. 6d. 

Gynaecological Operations: 
(Handbook of). ByALBAN H. G. DORAN, 
F.R.C.S., Surgeon to the Samaritan Hos- 
pital.    8vo, with 167 Engravings, 15s. 

The Student's Guide to the 
Diseases of "Women. By ALFRED 
L. GALABIN, M.A., M.D., F.R.C.P., 
Obstetric Physician to Guy's Hospital. 
Fifth Edition. Fcap. 8vo, with 142 
Engravings, 8s. 6d. 

A Short Practice of Gynaecology. 
By HENRY JELLETT, M.D., B.A.O. 
Dub., late Assistant Master, Rotunda 
Hospital, Dublin. With 135 Illustra- 
tions, crown 8vo, 7s. 6d. 
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A First Series of Fifty-four 
Consecutive Ovariotomies, with 
Fifty-three Recoveries. By A. C. 
BUTLER-SMYTHE, F.R.C.P. Edin., Sur- 
geon to the Samaritan Free Hospital, 
Senior Surgeon to the Grosvenor Hospital 
for Women and Children.    8vo, 6s. 6d. 

Sterility. 
By ROBERT BELL, M.D., F.F.P. & S., 
Senior Physician to the Glasgow Hospital 
for Diseases peculiar to Women.   8vo, 5s. 

Notes on Gynaecological Nurs- 
ing. Bv JOHN BENJAMIN HELLIER, 
M.D.,M.'R.C.S., Surgeon to the Hospital 
for Women, &c, Leeds.    Cr. 8vo, is. 6d. 

A Manual for Hospital   Nurses 
and others engaged in Attending on the 
Sick, with a Glossary. By EDWARD J. 
DOMVILLE, Surgeon to the Devon and 
Exeter Hospital. Eighth Edition. Crown 
8vo, 2s. 6d. 

A   Short   Manual   for   Monthly 
Nurses. By CHARLES J. CULLING- 
WORTH, M.D., F.R.C.P., Obstetric 
Physician to St. Thomas's Hospital. 
Revised by M. A. ATKINSON. Fourth 
Edition.    Fcap. 8vo, is. 6d. 

Lectures on Medicine to Nurses. 
By HERBERT E. CUFF, M.D., F.R.C.S., 
Superintendent, North Eastern Fever 
Hospital, London. Third Edition. With 
29 Illustrations, 3s. 6d. 

Antiseptic Principles for Nurses. 
By C E. RICHMOND, F.R.C.S.   8VO, IS. 

The Diseases of Children. 
By JAS. F. GOODHART, M.D., F.R.C.P., 
Consulting Physician to the Evelina 
Hospital for Children. Sixth Edition, 
with the assistance of G. F. STILL, M.D., 
Medical Registrar to the Gt. Ormond St. 
Hospital for Children. Crown 8vo, ios. 6d. 

A Practical Treatise on Disease 
in Children. By EUSTACE SMITH, 
M.D., F.R.C.P., Physician to the King 
of the Belgians, and to the East London 
Hospital for Children, &c. Second 
Edition.    8vo, 22s. 

By the same Author. 

Clinical  Studies  of Disease   in 
Children. Second Edition. Post 8vo, 
7s. 6d. 
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The Wasting Diseases of Infants 
and Children. Sixth (Cheap) Edition. 
Post 8vo, 6s. 

On the Natural and Artificial 
Methods of Feeding Infants and 
Young Children. By EDMUND 
CAUTLEY, M.D., Physician to the Bel- 
grave Hospital for Children. Crown 
8vo, 7s. 6d. 

Materia Medica, 
Pharmacy, Pharmacology, and Thera- 
peutics. By W. HALE WHITE, M.D., 
F.R.C.P., Physician to, and Lecturer on 
Pharmacology and Therapeutics at, 
Guy's Hospital. Fifth Edition, based 
upon the B.P. of 1898.   Fcap. 8vo, 7s. 6d. 

An Introduction to the Study 
of Materia Medica, designed 
for Students of Pharmacy and 
Medicine. By HENRY G. GREENISH, 
F.I.C., F.L.S., Professor of Materia 
Medica to the Pharmaceutical Society. 
With 213 illustrations, 8vo, 15s. 

Materia Medica 
And Therapeutics. By CHARLES D. F. 
PHILLIPS, M.D., F.R.S. Edin. 

Vegetable   Kingdom — Organic   Com- 
pounds—Animal Kingdom.  8vo,25s. 

Inorganic Substances.   Second Edition. 
8vo, 21s. 

Recent    Materia   Medica,    and 
Drugs Occasionally Prescribed ; 
Notes on their Origin and Therapeutics. 
By F. HARWOOD LESCHER, F.C.S., 
Pereira Medallist.  Fifth Edition.  8vo, 4s. 

Practical Pharmacy : 
An Account of the Methods of Manu- 
facturing and Dispensing Pharmaceutical 
Preparations ;' with a chapter on the 
Analysis of Urine. By E. W. LUCAS, 
F.C.S., Examiner at the Pharmaceutical 
Society. With 283 Illustrations. Royal 
8vo, 12s. 6d. 

Galenic Pharmacy: 
A Practical Handbook to the Processes 
of the British Pharmacopoeia. By R. A. 
CRIPPS, M.P.S. 8vo, with 76 Engrav- 
ings, 8s. 6d. 

Practical Pharmacy. 
By BARNARD S. PROCTOR, formerly 
Lecturer on Pharmacy at the College of 
Medicine, Newcastle-on-Tyne, Third 
Edition. 8vo, with 44 Wood Engravings 
and 32 Lithograph Fac-Simile Prescrip- 
tions,  14s. 

A   Companion   to   the   British 
Pharmacopoeia. By PETER SQUIRE. 
Revised by PETER WYATT SQUIRE. 
Seventeenth Edition.    8vo,  12s. 6d. 

By the same Authors. 

The Pharmacopoeias of thirty of 
the London Hospitals, arranged 
in Groups for Comparison. Seventh 
Edition.    Fcap. 8vo.   6s. 
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The  Galenical  Preparations  of 
the   British   Pharmacopoeia:    A 
Handbook for Medical and Pharma- 
ceutical Students. By CHARLES O. 
I"HORNE,M.D., CM., late Lecturer 
on Materia Medica, Queen Margaret 
College, Glasgow.   8vo, 4s. 6d. 

The Pharmaceutical Formulary, 
a Synopsis  of  the  British  and  Foreign 
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By the same Author. 
The Druggist's General Receipt- 
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The Book of Prescriptions: 
Containing upwards of 3,000 Prescriptions 
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Selecta e Prescriptis : 
Containing Terms, Phrases, Contractions 
and Abbreviations used in Prescriptions, 
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MD FR.S. Eighteenth Edition, by 
JOSEPH INCE, F.C.S., F.L.S. 24mo, 5s. 

Year-Book of Pharmacy: 
Containing the Transactions of the British 
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8vo, 10s. 

Southall's   Organic   Materia 
Medica : a Handbook treating of some 
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Vegetable Drugs made use of in Medicine, 
including the whole of those contained ,n 
the B P Sixth and Enlarged Edition. 
By JOHN BARCLAY, B.SC. Lond. 8vo, 
7s. 6d. 

Manual of Botany. 
BvT   REYNOLDS GREEN, Sc.D.;M.A., 
F R S , Professor of Botany to the Phar- 
maceutical Society.   Two Vols.   Cr 8vo. 

Voi    I—Morphology   and   Anatomy. 
'Second  Edition.     With 778  En- 
gravings, 7s. 6d. _ 
II.—Classification and Physiology. 

With 417 Engravings, 10s. 

By the same Author. 
An   Introduction   to  Vegetable 

Physiology. With 184 Illustrations, 
8vo, 10s. 6d. 

Medicinal Plants: 
Being descriptions, with original figures, 
of the Principal Plants employed in 
Medicine, and an account of their Pro- 
perties and Uses. By Prof. BENTLEY and 
Dr H. TRIMEN, F.R.S. In4 vols., large 
8vo, with 306 Coloured Plates, bound in 
Half Morocco, Gilt Edges, £11  us. 

The Student's Guide to Syste- 
matic Botany, including the Classi- 
fication of Plants and Descriptive Botany. 
By ROBERT BENTLEY. Fcap. 8vo, witn 
350 Engravings, 3s. 6d. 

Therapeutic Electricity and 
Practical Muscle Testing. By 
W. S. HEDLEY, M.D., in charge of the 
Electro-therapeutic Department of the 
London Hospital. With no Illustrations. 
Royal 8vo, 8s. 6d. 

Practical Therapeutics: 
A  Manual.    By EDWARD J.  WARING, 
C I E     M D., F.R.C.P., and DUDLEY 
W.'BUXTON, M.D., B.S. Lond.   Fourth 
Edition.    Crown 8vo, 14s- 

By the same Author. 
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Barnes (R.) on Obstetric Operations, 3 
    on Diseases of Women, 3 
Beale (L. S.) on Liver, 6 
 Slight Ailments, 6 
 Urinary and Renal Derangements, 12 
Beale (P. T. B.) on Elementary Biology, 2 
Beasley's Book of Prescriptions, 5 
   Druggists' General Receipt Book, 5 
  Pharmaceutical Formulary, 5 
Bell on Sterility, 4 
Bellamy's Surgical Anatomy, 1 
Bentley and Trimen's Medicinal Plants, 5 
Bentley's Systematic Botany, 5 
Berkart's Bronchial Asthma, 6 
Bernard on Stammering, 7 
Bigg's Short Manual of Orthopaedy, 9 
Birch's Practical Physiology, 2 
Bloxam's Chemistry, 12 
 .   Laboratory Teaching, 12 
Bousfield's Photo-Micrography, 14 
Bowlbv's Injuries and Diseases ol nerves, 9 
U°      y    Surgical Pathology and Morbid Anatomy, 9 
Brockbank on Gallstones, 8 
Brown's (Haydn) Midwifery, 3 
   Ringworm, it 
     (Campbell) Practical Chemistry, 13 
Bryant's Practice of Surgery, 8 
Bulkley on Skin Diseases, » , , f 
Burckhardt's   (E.) and  Fenwick's (E.  H.) Atlas  01 

BurdCeIt's°Ho%yi'taYs and Asylums of the Wor.d, 2 
■Rntler-Smvthe's Ovariotomies, 4 
Butiin's Operative Surgery of Malignant Disease, .. 
 Malignant Disease of the Larynx, n 
     Sarcoma and Carcinoma, 11 
Buzzard's Diseases of the Nervous System, 7 
 Peripheral Neuritis, 7 
     Simulation of Hysteria, 7 
Cameron's Oils, Resins, and Varnishes, 14 
 Soaps and Candles, 14 
Carpenter and Dallinger on the Microscope, 14 
Cautley's Infant Feeding, 4, 
Charteris' Practice of Medicine, 6 
Chauveau's Comparative Anatomy, 14 
Chevers'Diseases of India, 5 
Churchill's Face and Foot Deformities, 9 
Clarke's Eyestrain, 10 
Clouston's Lectures on Mental Diseases, 3 . 
r owes and Coleman's Quantitative Analysis, 13 Clowes and lolema    ^^ practical chemistry, 13 

Clowes' Practical Chemistry, 13 

C°X" Cydo^dia of Practical Receipts, x4 

SOP
1
" a^wardV1 Diseases of the Rectum, „ 

Corbin and Stewart's Physics and Chemistry, 12 
Cripps'lH.) Ovariotomy and Abdominal Surgery, 9 

Cancer of the Rectum, 12 
    Diseases of the Rectum and Anus, 12 
    Air and Faeces in Urethra, 12 
•Cripps' (R. A.) Galenic Pharmacy, 4 

SfcnWoS'Manna, for Monthly Nurses, 4 
Dalby's Diseases and Injuries or the Ear, 10 
. Short Contributions, 10 
Dana on Nervous Diseases, 7 
Day on Headaches, 8 
Domville's Manual for Nurses,^ 
Doran's Gynaecological Operations, 3 
Dmitt's Surgeon's Vade-Mecum, 8 
Duncan (A.?, on Prevention of Disease ,n Tropics, 5 
gunglison's Dictionary of Medical Science, r* 
Edwards' Chemistry, 14 
Ellis's(T. S.) Human Foot, 9 
^ncvclopaedia Medica, 14 . ,       . 
FSS Principles and Practice of Medicine, 6 
Facer's Climate and Fevers of India, 5 
Fenwick(E. H.), Electric Illumination o   Bladder, 11 

Tumours of Urinary Bladder, n 
  UlcerationofBUdder.il 

Symptoms of Urinary Diseases, 
Fenwick's (S.) Medical Diagnosis, 6 

Fenwick's (S.) Obscure Diseases of the Abdomen, 6 
 Outlines of Medical Treatment, 6 
 Ulcer of the Stomach and Duodenum, 6 
 -—The Saliva as a Test, 6 
Fink's Operating for Cataract, 9 . 
Fowler's Dictionary of Practical Medicine, 6 
Fox (G. H.) on Skin Diseases of Children, 10 
Fox (Wilson), AtlasofPathological Anatomy of Lungs, 6 
 I Treatise on Diseases of the Lungs  6 
Frankland and Japp's Inorganic Chemistry, 13 
Fraser's Operations on the Brain, 8 
Fresenius' Qualitative Analysis, 13 
 ■—Quantitative Analysis, 13 
Galabin's Diseases of Women, 3 
 •  Manual of Midwifery, 3 . .    . 
Gardner's Bleaching, Dyeing, and Calico I nnting, 14 
, Brewing, Distilling, and  Wine Manuf., 14 
Gimlette on Myxcedema, 6 
Glassington's Dental Materia Medica, 10 
Godlee's Atlas of Human Anatomy, I 
Goodhart's Diseases of Children, 4 
Gorgas' Dental Medicine, 10 , 
Gowers'  Diagnosis of Diseases of the brain. 7 
 Manual of Diseases of Nervous System, 7 
 Clinical Lectures, 7 
 Medical Ophthaimoscopy, 7 
 Syphilis and the Nervous System,  7 
Granville on Gout. 7 
Green's Manual of Botany, s 
   Vegetable Physiology, 5 
Greenish's Materia Medica, 4 
Groves' and Thorp's Chemical lechnology, 14 
Guy's Hospital Reports, 7 
Habershon's Diseases of the Abdomen, 7 
Haig's Uric Acid, 6 
   Diet and Food, 2 

i    Harley on Diseases of the Liver, 7 
Harris's (V. D.) Diseases of Chest, 6 
Harrison's Urinary Organs, n 
Hartridge's Refraction of the Eye, 9 
 Ophthalmoscope, 9 
Hawthorne's Galenical Preparations of B.P., 5 
Heath's Certain Diseases ofthe Jaws  8 
     Clinical Lectures on Surgical Subjects, 8 
     Injuries and Diseases of the Jaws, 8 
     Minor Surgery and Bandaging, 8 
    Operative Surgery, 8 
     Practical Anatomy, 1 
     Surgical Diagnosis, 8 
Hedley's Therapeutic Electricity, 5      . 
Hellier's Notes on Gynaecological Nursing, 4 
Hewlett's Bacteriology, 3 
Hill on Cerebral Circulation, 2 
Hirschfeld's Atlas of Central Nervous System   2 
Holden's Human Osteology, 1 
 . Landmarks, 1 
Holthouse on Strabismus, 9 
Hooper's Physicians' Vade-Mecum, 5 
Horton Smith on Typhoid, 7 
Hovell's Diseases ofthe Ear,, to 
Human Nature and Physiognomy, 14 
Hyslop's Mental Physiology, 3 
lmpey on Leprosy, 10 
Ireland on Mental Affections of Children, 3 
lacobson's Male Organs of Generation, 12 
: Operations of Surgery, 8 
Jellett's Practice of Midwifery, 3 
 Gynaecology, 3 , .,   ,. . 
Tessop's Ophthalmic Surgery and Medicine, 9 
Johnson's (Sir G.) Asphyxia, 6 
   Medical Lectures and Essays, 6 
 (A. E.) Analyst's Companion, 13 
Journal of Mental Science, 3 
Kellogg on Mental Disease.-, 3 
Kelynack's Pathologist's Handbook, I 

i    Keyes' Genito-Urinary Organs and Syphilis, 12 
1    Kohlrausch's Physical Measurements, 14 

Lancereaux's Atlas of Pathological Anatomy, 2 
Lane's Rheumatic Diseases, 7 crv\A\.™A   -, 
Langdon-Down's Mental Affections of Childhood, 3 
Lazarus-Barlow's General Pathology, I 
Lee's Microtomist's Vade Mecum, 14 
Lescher s Recent Materia Medica, 4 
Lewis (Bevan) on the Human Brain, 2 
Liebreich (O.) on Borax and Boracic Acid, 2 
Liebreich's (R). Atlas of Ophthaimoscopy, 10 
" [Continued an the next page. 
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Lucas's Practical Pharmacy, 4 
MacMunn's Clinical Chemistry of Urine,  11 
Macnamara's Diseases and Refraction of the Eye, 9 
Macnamara's Diseases of Bones and Joints, 8 
McNeill's Epidemics and Isolation Hospitals, 2 
Malcolm's Physiology of Death, 9 
Marcet on Respiration, 1 
Martin's Ambulance Lectures, 8 
Maxwell's Terminologia Medica Polyglotta, 12 
Maylard's Surgery of Alimentary Canal, 9 
Mayhe's Medical Vocabulary, 12 
Microscopical Journal, 14 
Mills and Rowan's Fuel and its Applications, 14 
Moore's (N.) Pathological Anatomy of Diseases, 1 
Moore's (Sir W. J.) Family Medicine for India, 5 
 Manual of the Diseases of India, 5 
Morris's Human Anatomy, 1 
 — Anatomy of Joints, 1 
Moullin's (Mansell) Surgery, 8 
Nettleship's Diseases of the Eye, 
Notter and Firth's Hygiene, 2 
Ogle on Tympanites, 8 
Oliver's Abdominal Tumours, 3 
 ——-Diseases of Women, 3 
Ophthalmic (Royal London) Hospital Reports, 9 
Ophthalmological Society's Transactions, 9 
Ormerod's Diseases of the Nervous System, 7 
Parkes' (E.A.) Practical Hygiene, 2 
Parkes' (L.C.) Elements of Health, 2 
Pavy's Car boh yd rates, 6 
Pereira's Selecta e Prescriptis, 5 
Phillips' Materia Medica and Therapeutics, 4 
Pitt-Lewis's Insane and the Law, 3 
Pollock's Histology of the Eye and Eyelids, 9 
Proctor's Practical Pharmacy, 4 
Pye-Smith's Diseases of the Skin   10 
Ramsay's Elementary Systematic Chemistry, 13 
 Inorganic Chemistry, 13 
Richardson's Mechanical Dentistry, 10 
Richmond's Antiseptic Principles for Nurses, 4 
Roberts' (D. Lloyd) Practice of Midwifery, 3 
Robinson's (Tom) Eczema, 11 
 Illustrations of Skin Diseases, 11 
 Syphilis, 11 
Ross's Diseases of the Nervous System, 7 
St. Thomas's Hospital Reports, 7 
Sansom's Valvular Disease of the Heart, 7 
Scott's Atlas of Urinary Deposits, 11 
Shaw's Diseases of the Eye, 9 
Shaw-Mackenzie on Maternal Syphilis, 12 
Short Dictionary of Medical Terms, 12 
Silk's Manual of Nitrous Oxide, 10 
Smith's (Ernest A.) Dental Metallurgy, 10 
Smith's (Eustace) Clinical Studies, 4 
 Disease in Children, 4 
 Wasting Diseases of Infants and Children, 4 
Smith's (J. Greig) Abdominal Surgery, 8 

Smith's (Priestley) Glaucoma, 10 
Snow's Cancer and the Cancer Process, 11 
   Palliative Treatment of Cancer, n 
   Reappearance of Cancer, 11 
Solly's Medical Climatology, 8 
Southall's Materia Medica, 5 
Squire's (P.) Companion to the Pharmacopoeia, 4 
 London Hospitals Pharmacopoeias, 4 
 Methods and Formulae, 14 
Starling's Elements of Human Physiology, 2 
Steinberg's Bacteriology, 5 
Stevenson and Murphy's Hygiene, 2 
Sutton's (J. B.;, General Pathology, 1 
Sutton's(F.) Volumetric Analysis, 13 
Swain's Surgical Emergencies, 8 
Swayne's Obstetric Aphorisms, 3 
Taylor's (A. S.) Medical Jurisprudence, 2 
Taylor's (F.) Practice of Medicine, 6 
Thin's Cancerous Affections of the Skin, 10 
 Pathology and Treatment of Ringworm, 10 
  on Psilosis or " Sprue," 5 
Thompson's (Sir H.) Calculous Disease, 11 
 ■ Diseases of theUrinaryOrgans, 11 
 —  Lithotomy and Lithotrity, 11 
 Stricture of the Urethra, 11 
 Suprapubic Operation, 11 
  Tumours of the Bladder, 11 
Thome's Diseases of the Heart, 7 
Thresh's Water Analysis, 2 
Tilden's Manual of Chemistry, 12 
Tirard's Medical Treatment, 6 
Tobin's Surgery, 8 
Tomes' (C. S.) Dental Anatomy, 10 
Tomes' (J. and C. S.) Dental Surgery, 10 
Tooth's Spinal Cord, 7 
Treves and Lang's German-English Dictionary, 12 
Tuke's Dictionary of Psychological Medicine, 3 
Tuson's Veterinary Pharmacopoeia, 14 
Valentin and Hodgkinson's Practical Chemistry, 13 
Vintras on the Mineral Waters, &c, of France, 8 
Wagner's Chemical Technology, 14 
Wallace on Dental Caries, 10 
Walsham's Surgery:  its Theory and Practice, 8 
Waring's Indian Bazaar Medicines, 5 
 Practical Therapeutics, 5 
Watts' Organic Chemistry, 12 
West's (S.) How to Examine the Chest, 6 
Westminster Hospital Reports, 7 
White's (Hale) Materia Medica, Pharmacy, &c, 4 
Wilks' Diseases of the Nervous System, 7 
Wilson's (Sir E.) Anatomists' Vade-Mecum, 1 
Wilson's (G.) Handbook of Hygiene, 2   • 
Wolfe's Diseases and Injuries of the Eye, 9 
Wynter and Wethered's Practical Pathology, 1 
Year-Book of Pharmacy, 5 
Yeo's (G. F.) Manual of Physiology, 2 

N.B.—J. § A. Churchilfs larger Catalogue of about 600 works on Anatomy 
Physiology, Hygiene, Midwifery, Materia Medica, Medicine, Surgery, Chemistry 
Botany, §c. fyc, with a complete Index to their Subjects, for easy reference, 
will be forwarded post free on application. 

AMERICA.—/. Sf A. Churchill being in constant communication with 
various publishing houses in America are able to conduct negotiations 

favourable to English Authors. 

LONDON:   7,  GREAT MARLBOROUGH STREET. 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



£5 

r. -   a 

CL, 

c-~ 

c3 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y



1 I 
1 1 

1 

Digi
tiz

ed
 by

 Ill
ino

is 
Coll

eg
e o

f O
pto

metr
y




